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FOREWORD

Today's rapidly developing and changing technologies and industrial products and practices
frequentty carry with them the increased generation of materials that, if improperly deait with, can
threaten both public heaith and the environment. The U.S. Environmental Protection Agency is charged
by Congress with protecting the Nation's land, air, and water resources. Under a mandate of national
environmental laws, the agency strivas to formulate and impiement actions leading to a compatible
halance between human activities and the ability of natural resources to support and nurture life. These
laws direct the EPA to perform resaarch to define our environmental problems, measure the impacts,
and search for solutions.

The Risk Reduction Engineering Laboratory is responsible for planning, implementing, and
managing research, development, and demonstration programs to provide an authoritative, defensible
engineering basis in support of the policies, programs, and regulations of the EPA with respect to
drinking water, wastewater, pesticides, toxic substances, solid and hazardous wastes, and Superfund-
related activities. This publication is one of the products of that research and provides a vital communi-
cation link between the researcher and the user community.

This report will assist federal Remedial Project Managers in planning and managing the
technology selection aspects of Remedial investigations and Feasibility Studies at sites contaminated
with the by-products of lead battery recycling operations. It consolidates useful information on lead
battery recycling sites. such as the following: identification and status of relevant National Priority List
sites; common waste types and matrices; applicable and relevant or appropriate requirements (ARARs);
clean-up target levels; key issues that affect technology selection; commonly selected treatment
technologies; treatability studies; and data needs for remedial investigations. The technology assess-
ment is done in terms of compliance with ARARS; short-term effectiveness; long-term effectiveness;
reduction of toxicity, mobility, and volume; implementability; and cost.

This report supplements the more general guidance provided in Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA, Interim Final (USEPA, 1988c).

E. Timothy Oppeit, Director
Risk Reduction Engineering Laboratory



ABSTRACT

The objective of this report is to provide federal remedial project managers (RPMs) and their
supporting contractors with information to facilitate the seiection of treatment aiternatives and cleanup
services at lead battery recycling sites. it tailors the Remedial Investigation/Feasibility Study (RI/FS)
process to lead battery recycting sites, evaluates currently used treatments, identifies remediation
alternatives, and forecasts the effectiveness of treatments. Eleven RI/FSs and fifteen Record of Decision
(ROD) documents for lead battery sites were the primary sources of information.

This report also addresses treatability studies at lead battery recycling sites. It presents relevant
examples drawn from results of such studies. Aiso, it describes the technologies commonly proposed in
RI/FSs and RODs. The technologies are evaluated against six of the nine EPA evaluation criteria
(compliance with ARARS; long-term effectiveness and permanence; reduction of toxicity, mability, or
volume; short-term effectiveness. impiementability. and cost). It compares the technologies to highlight
their salient advantages and disadvantages, and to emphasize those treatments most likely to be
successful in remediating lead battery recycling sites. Finally, it discusses innovative and emerging
technologies, which have the potential to treat lead contaminated wastes.
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SECTION 1

INTRODUCTION

1.1 PURPOSE

The objective of this report is to provide federal Remedial Project Managers (RPMs) and their
supporting contractors with information to facilitate the selection of treatment aiternatives and cleanup
services at lead battery recycling sites. It taiors the Remedial Investigation/Feasibility Study (Ri/FS)
process to lead baftery recycling sites, evaluates currently used treatments, identifies remediation
alternatives, and forecasts the effectiveness of treatments.

Batteries account for more than 80% of the lead used in the United States, of which approxi-
mately 60% is reclaimed. In general, 50% of the national lead requirements are satisfied by recycled
products. During the information collection activities that support this report, 29 Superfund lead battery
recycling sites were identified. Twenty-two of these sites are on the National Priority List, indicating that
they have been or will be the subject of RIs and FSs. [n addition, 18 lead battery sites are on the RCRA
Caorrective Action list, with more in the process of being added. Also, as happened in the early 1980's,
adverse changes in lead production costs are likely to ciose some operating lead recycling faciiities.
Some of these sites may require remaediation.

This document principally assists the RPM by consolidating the following types of useful
information:

o] Technologies selected via the Ri/FS and removal process for other lead battery
recycling sites;

0 Case studies of treatability studies on lead battery recycling site wastes:;

o Profiles of potentiaily applicable innovative treatment technologies;

o Description of types of operations commonly conducted, and wastes generated at lead
battery recycling sites;

o Applicable and relevant or appropriate requirements (ARARs) identified in completed
RI/FSs;

o] Koy issues that commonly affect technology selection for lead battery recycling sites:

o} Recommendations regarding technology considerations at various stages of the RI/FS
process;



o A generaliized assessment in terms of ARAR compliance: short-term effectiveness:
long-term effectrveness: reduction of toxicity, mobility, and volume; implementabiiity:
and, costs of commonly selected technologies; and

0 Lists of pertinent references and contacts.

This report is intended to be a useful technology-oriented reference, and not a detailed
instruction book on how to perform a RI/FS for a lead battery recycling site. It should be used in
conjunction with the more general guidance provided in Guidance for Conducting Remedial Investiga-
tions and Feasibility Studies under CERCLA, Interim Final (USEPA, 1988¢) and other Office of Solid
Waste and Emergency Response (OSWER) guidance documents referenced at the end of this
document.

By consolidating the information, data, and references of the type described above, this
document assists the RPM to efficiently manage the remedy selection process in a manner that will
attain the program goals, management principles, and expectations set forth in the National Contingency
Plan (40CFR Sections 300.430(a)(1)(I-iii)). The ultimate goal of the remedy selection process is the
selection of remedies that are protective of human heaith and the environment. These remedies should
maintain protection over time and minimize untreated waste.

The program management principles include the following:

0 Remediation of the site by operable units when early actions are necessary or appropri-
ate to achieve significant risk reduction quickly;

o Operable units should be remediated in a way that is consistent with the final remedy;

+] The complexity of the site problems should be reflected in the data needs, the evalua-

tion of alternatives, and the documentation of the selected remedy.
- The program expectations for selected remedies include:
o Treatment to address the principal threats at a site;

o Engineering controls, such as containment, for waste that poses a relatively iow
long-term threat or for a situation where treatment is impractical;

o] A site-specific combination of treatment and containment to achieve protection of human
heaith and the environment, as appropriate;

o Institutional controls to supplement engineering controls for long-term management and
to mitigate short-term impacts;

o Use of innovative technology when such technology offers potentially comparable or
superior treatment performance with fewer or lesser adverse impacts than other
available approaches (or when it lowers costs for similar levels of performance than
more demonstrated technologies);

o Beneficial return of useable groundwaters wherever practicable within a reasonable time
frame.



This document also fulfills Objective 378 of the Superfund Management Review impiementaticn
Plan, which is t0 issue reports that identify spectfic technologies or combinations of technologies in
order to respond {0 generic site classes.

1.2 SCOPE AND LIMITATIONS

This report principally addresses Superfund sites where lead-acid battery recycling operations
were performed. Lead-acid battery recycling operations encompass battery breaking, component
separation. iead smeiting, and lead refining. These operations, which are described in more detail in
subsequent sections. convert the lead in spent batteries into a marketable product. There are other
Superfund sites, with battery-related contamination, where lead recycling was not the predominant
operation, but these sites are not the focus of this report. Non-recycling lead battery sites. such as
battery acid disposal sites, battary disposal sites (where batteries are mixed with other non-battery
wastes), auto saivage operations, and battery manufacturing sites are included in the list of lead battery
sites in Appendix B.

The information-gathering effort for this project focused heavily on lead battery recycling sites in
the Superfund National Priority List. Project resources were insufficient to permit identification,
collection, and comparisan of information and data from other lead-contaminated sites (e.g., lead mining
sites, ceramics manufacturing sites, or non-CERCLA lead sites) from which pertinent lessons might also
have been leamned.

The report focuses on: (a) control technologies that have been seiected (aithough in many cases
not yet applied) for remedial actions or removal actions at lead battery recycling sites, and (b) technolo-
gies in the EPA Office of Ressarch and Development's Superfund Innovative Technology Evaiuation
(SITE) Program that are innovative and potentially applicable to heavy metals.

No attempt has been made to identify and assess the applicability of all the remediation
technologies cited in Appendix D of the National Contingency Plan (40 CFR Part 300). For example.
containment technologies (e.g. grouting, slurry walls, etc.) are not addressed — except for capping,
addressed only briefly — because they were not selected for remediating the lead battery recycting sites
that were identified in this project. Furthermore, the performance of containment systems for lead
battery recycling sites does not differ from other applications. Sufficient knowledge of this remedy exists
so that further coverage in this document was unnecessary.

This document addresses innovative treatment technologies only to a limited extent. The RPM
should recognize that the applicability of existing and future novel technologies to lead battery recycling
sites should be reassessed easly in the RI/FS process. The SITE Program can provide the latest
information on many of them.

The reader is cautioned against a premature elimination of a technology based entirely on poor
performance reports in this or other documents. The reader should consider not just the technology's
failure, but also the reasons that are presented for it. Only if the same failure conditions are present, in
both the site scenarios and the historical information in this report, should one conclude that the
technology will nat work. Even then, the possibilities of pre-treatment, technology modification, or
combined technologies shouid not be overiooked.

This document alerts the reader to reguiatory and policy issues that have had or are expected to
have significant effects on selection of treatment technologies. However, a comprehensive analysis of
reguiatory and policy issues was not within the scope of this document.



1.3 APPROACH

The basic approach of this report is to (1) identify and classify Superfund lead battery recyciing
sites, (2) obtain pertingnt information {preferably from completed RI/FSs, and RODs), (3) review the
information for useful data, facts. trends, and lessons learned. and (4) summarize pertinent information n
a format that is convenient for the RPM.

This basic infformation collection was supplemented by the identification and limited information-
gathering on approximately 20 lead battery recycling sites where removal actions were planned, in
progress, or completed. It also accumuilated material from discussions with RPMs; a review panel which
critiqued draft versions of the document; review of pertinent regulations (e.g., RCRA land disposal
restrictions), EPA guidance. research reports, and other information related to technology selection.

1.4 ORGANIZATION

This report is organized into five chapters: this introduction; three chapters that address
technology considerations during the RI/FS; and a separate chapter devoted to treatability studies,
which may be applicable to any stage of the RI/FS process. Appendices contain the following: a
descriptive list of Superfund lead battery sites; a discussion of lead battery structure and chemical
composition; the details of typical battery breaking and secondary lead smeiting processes; the
chemistry of lead and other heavy metals found at lead battery recycling sites: selected lead-related
OSWER guidance; and a list of U.S. primary and secondary lead smeters.



SECTION 2

SCOPING THE RI/FS FOR LEAD BATTERY RECYCLING SITES

Scoping is the initial planning phase of site remediation. It is enlarged and refined as new
information about the site becomes available. Scoping helps to focus activities and streamiline the
RI/FS, thereby preventing neediess expenditures of time and money for unnecessary sampling and
analyses. Scoping for a iead battery recycling site should encompass the following activities:

o] Project planning* bt
0 Evaluation of existing data®*
o Conducting a site visit

o} Development of a conceptual site model*

o identification of remedial action objectives*

0 Identification of potential remedial technologies*

o Collecting the data necessary for potential treatability studies

o} Identification of potential applicable or relevant and appropriate requirements (ARARs)*

o Identification of data needs*

o Data quality cbjectives*
o Preparation of project plans

This section addresses only those items marked with an asterisk (*) because they provide
material supplemental to the contents of the general RI/FS guidance (USEPA, 1988c). The remaining
items are adequatsly addressed in the scoping section of the general RI/FS guidance.

2.1 PROJECT PLANNING

There are a number of individuals and organizations with considerable experience in selection of
control technologies for lead battery recycling sites. If it is necessary to augment regional experience
and capabiities, the RPM can contact the organizations listed below during the scoping phase. These
contacts may offer other valuable advice or support based on recent developments in their areas of
expertise.



CONTACT: Lead industry trends (mining, smeiting, refining)
Michael Magyar Lead separation process development ~
FTS 634-1815 Acid-leaching treatability studies

Battery case and lead-contaminated soil characterization
EPA-BOM technical assistance Interagency Agreements

S. EPA Engineering and Treatment Techn nt
CONTACT: ~ Superfund Technical Assistance Response Team (START)
Benjamin Blaney On-going, long-term, technical assistance at two lead battery
FTS 684-74086 recycling sites
FORUM Support

Lead battery recycling site treatability studies on solidification and soils
washing treatments

S. EPA Environm R nse T

CONTACT: Rapid survey of lead contamination in soil via X-ray fluorescence: (
George Prince past experience at several lead battery recycling sites
FTS 340-6740
CONTACT: Computer-Aided Response Technologies Selector (CARTS),
Robert Cibuiskis now entering the prototype testing phase of development
FTS 340-6746
PA r isk A Techn
CONTACT: Metal Speciation Equilibrium Model for Surface and
Robert Ambrose Groundwater (MINTEQA2 and PRODEFA2), including past experience —
FTS 250-3130 at several lead battery recycling sites

S.EPAH Rigk T

CONTACT: Development of Lead Biokinetic/Uptake Model
Pei-Fung Hurst
FTS 684-7300

CONTACTS: X-ray fluorescence field survey methods, including work underway to
Kenneth W. Brown accelerate data mapping by coupling X-ray fluorescence detector to
FTS 548-2270 position indicating and data transmission technology.

Willlam Engeimann

FTS 545-2664



2.2 EVALUATION OF EXISTING DATA

A thorough search of existing data should prevent duplication of sffort. The resuiting remedial
investigation should be more focused and, therefore, more efficient in its expenditure of time and
resources.

2.2.1 Backgr nform -Aci tt n fon, Chemi nd R lin
Procedures

If information on batteries, battery breaking, lead smeiting, and the chemistry of pertinent heavy
metals has not been collected, the RPM shouid review the topics presented in Appendix A. These tapics
can further an understanding of the site situation, which in tum would improve pretiminary judgements
about the suftability of proposed treatments. [n addition, the RPM must try to obtain detailed information
about the operational and disposal practices at the specific site.

Exchanging information with RPMs for similar lead battery recycling sites can help to identify
successful remedial approaches. A table in Appendix B describes the operations conducted at 44
CERCLA lead battery sites and their common sources of contamination.

li ite-Related Inf

In addition to the sources covered in the general RI/FS Guidance (USEPA, 1988c), there is a
substantial body of useful information available to the RPM. The key to Superfund information and
technical assistance sources is Technical Support Services for Superfund Site Remediation, 2nd Edition,
EPA/ 540/8-90/011, October 1990 - available at no cost from the Center for Environmental Research
Information at FTS-684-7562. It includes descriptions of technical support sources and brokers,
automated information systems, publications, and other sources of information.

if the USEPA-authored documents cited in the References and Bibliography are not already
accessible, the RPM can arrange to obtain them in a short time, at no cost from either the Superfund
Document Information Center at FTS-382-6940 or the Caenter for Environmental Research Information at
FTS-6847562. The EPA regional library can also loan hard copies or microfiche files.

This project has collected a considerable number of RI/FSs for lead battery recycling sites in
one location - the USEPA Technical Assistance Section, Technical Support Branch, Risk Reduction
Engineering Laboratory, Edison, NJ at (908) 321-6632. However, this file will not be updated; one must
check with the RPM (listed in Appendix B) to ensure the most up-to-date records.

Ta enhance their understanding of site operations, and increase the options for addressing
wastes at iead battery recycling sites, some RPMs have studied the lead and lead-acid battery industries.
Appendices A through F provide a substantial foundation for this education process. U.S. EPA reports
contain additional process and waste characterization information resuiting from the study or regulation
of air, water, and solid waste poliution from lead mining, primary and secondary lead smeiting, battery
manufacturing, and battery recycling. The best of these reports, identified during this project, are listed
below.

Inspection and Operating and Maintenance Guidelines for Secondary
Lead Smeiter Air Poilution Control, EPA/600/2-84 /026, January 1984,
NTIS # PB84148368. ~ This document provides (pp. 3-22) a more
detalied description of secondary lead smelter processes and operations
that is found in Appendix A.



Industrial Process Profiles for Environmental Use, Chapter 27, Primary
Lead Industry, EPA/600/2-80/168, July 13980. -- This document contains
an overview and brief descnptions of 22 unit processaes in the primary
lead industry (i.e.. mining and subsequent processing of the lead ore).

Lead-Acid Battery Manufacture - Background Information for Proposed
Standards., EPA/450/3-79/028a, November 1979. ~ This document
contains an overview of the iead-acid battery industry and process
description information (pp. 3-1 to 3-23).

Treatment Technology Background Document, EPA/530/SW-89/048A,
June 1989. NTIS # PB89-221410. - This document describes 23 treat-
ment technologies. It was assembied in support of the Best Demon-
strated Available Technology (BDAT) selection for Third Third Wastes.
Among the technologies described are chemical precipitation, high
temperature metals recovery, ion exchange, stabilization, and fuel
substitution.

The National Institute for Occupational Safety and Healith (NIOSH) has performed numerous
health hazard evaluations at lead battery facilities. These evaluations typically employ a site visit. They -
produce a report that provides an overview of the processes performed at the site and a summary of the (
heaith hazard evaluation. The numerous heaith hazard evaluation reports are listed (under Lead, by
company name) in the NIOSH Publications Catalog, available in EPA libraries. NIOSH has also
performed in-plant evaluations of control technologies for reducing worker exposures in the secondary
lead industry. The most valuable report is:

Demonstration of Control Technology for Secondary Lead Reprocess-
ing, 1984, Volume |, PB# 84-187-66S; Volume |i, PB# 84-187-673.

It describes 10 demonstrations of control technologies for reducing lead exposures in industrial iead
reprocessing operations. It details the affected processes and provides an overview of the lead industry
in the early 1980's. Participants included General Battery, Tonolli, East Penn, and Calwest Metals. If ~
printed NIOSH reports are not available in a particular EPA library, they should be available on
microfiche.

The U.S. Bureau of Mines is another valuable soufce of background information, such as the
following two informative reports:

The impact of Existing and Proposed Reguiations Upon the Domaestic
Lead Industry, August 1988, Open File Report 55-88.

Domestic Secondary Lead Industry: Production and Regulatory Com-
pliance Costs, 1887, Information Circular 9156.

As these tles suggest, the documents assess the economic effects of compliance on the
secondary lead industry. They present process descriptions and detailed production cost estimates.



2.2.3 Key Is to Addr in

Chapter 2 of the USEPA RI/FS Guidance (1988c) addressas the topic of scoping the RI/FS. Fzr
lead battery recycling sites, additional issues should be investigated during scoping:

The Presence of Young Children or Pregnant Women on or Near the Site—

This indicates a need for prompt action. as unborn and young children are particularly
susceptible to the adverse effects of lead poisoning.

Non-Process Sources of Lead—

The natural background lead in soil, leaded gasoline exhaust, spilled leaded gasoline. municipal
incinerators, and plumbing systems can complicate setting cleanup levels. They can also raise problems
in allocation of cleanup responsibility and costs, thus affecting selection and implementation of controi
technologies. Hence, such hidden sources of lead must be carefully considered when determining
extent of lead contamination.

A Thorough Understanding of Site History—

Knowledge of shipping and receiving information, materials handling and storage practices,
process descriptions, and waste disposal practices is critical to assassing the site contamination. It is
necessary to determine whether the operation was strictly a battery breaking operation, a combination of
battery breaking and other metal salvage operations, or a combined battery breaking and smeiting
operation.

Battery breaking operations - Although these operations may be limited to physical breaking
and separation processes. thermal processes were used in some instances to either meit the scrap lead
or separate it from plastic. Reducing its volume improved handling prior to off-site shipment. Either
case would require investigation of air emissions and residuals.

Salvage operations — For other than battery breaking, the investigation must extend to other
liquids and metals.

Smeiting and refining sites — MHere the RPM must consider numerous additional sources and
types of contamination (e.g., air emisgions, smeiting and refining agents, and process by-products).
Table 1 summarizes the types of materials found at such sites; Tabie 2 summarizes alloying, smeiting
and refining agents.

Spent battery acid (sulfuric acid)—

Acid contamination should be thoroughly investigated for several important reasons.

0 Bulk sulfuric acid in tanks, lagoons, etc. poses a potential worker health and safety
tweat.

o Sulfuric acid may promote the mobility of lead and other metals by lowering pH, thereby
increasing their solubility.



TABLE 1. SUMMARY OF MATERIALS AT LEAD BATTERY RECYCLING SITES

Integrated
Battery breaking site smeiter/refiner site
1. Whole batteries X X
2. Polypropylene battery scrap, mixed/ X X
unmixed/buried
3. " Hard rubber battery scrap, mixed/ X X
unmixed/buried
4 Metallic lead scrap, mixed/unmixed/ X X
buried, powder/chips/chunks
5. Unmixed battery mud (lead sulfate and X X
lead oxides)
6. Alloying agents * X
7. Refining agents * X
8. Smeiting agents * X
9. Slag/matte X
10. Flue dust X
11. Oross X
12. Lead oxides X
13. Sulfuric acid X X
14. Lead-contaminated soil X X
15. Air pollution control siudges X
16. Water poliution control siudges X X
17. Wastewater X X
18. Debris X X

* See Table 2 for listing.
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TABLE 2. LEAD ALLOYING, REFINING, AND SMELTING AGENTS

Alloying Agents Refining Agents Smelting Agents
(Watts, 1984) (USBOM Circular 9158)
Antimony Air Coke
Arsenic Alyminum Umestone
Cadmium Ammonium Nitrate Scrap Iron
Calcium Calcium Silica
Copper Magnesium Slag
Nickel Natural Gas
Selenium Pitch
Tin Potassium Carbonate
Red Lead (Pb,0,)
Sawdust
Sodium Mydroxide
Sodium Nitrate
Steam
Sulfur
Zinc
R
o Sulfuric acid may decompose soil minerals, causing elevated levels of metals in surface
- or groundwater.
0 Soils where sulfuric acid has been dumped are likely to be high in sulfates, which may
adversely affect solidification/stabilization.
o] Depressed pH caused by sulfuric acid can render surface and ground water unpotable

and can adversely affect biota.

The list of likely areas for acid contamination includes the following:

o]

(o]

o

)

Battery storage areas (before and after breaking), where acid could leach through soil
underneath the pies

Soil beneath or surrounding battery breaking equipment
Acid coliection sumps, ponds, or lagoons
Acid discharge areas

Although lead is generally relatively immobile in soil, the combination of enhanced solubility by
sulfuric acid, porous soll, and/or geclogy: a high water table; and close proximity to wells or sensitive
snvironmental areas can result in elevated mobility (and risk).

Asbestos insulation on furnaces and other process squipment and piping—

Asbestos removal can significamtly alter cleanup plans.

1



Physical integrity—

Particularly with oider facilities, the RPM must assess the integnty of secondary smelter
structures to ensure the safety of on-site personneli.

The Volume of Material Requiring Cleanup—

This should receive careful consideration. The factors listed below have had a dramatic effect
on volume at lead battery recycling sites:

Burial or incorporation of lead-contaminated wastes into various on-site structures (e.g.,
berms. road surfaces, etc.—a rather common practice at lead battery recycling sites)—~A current survey
compared to a pre-operations topographic map can provide useful clues as to where excavations may
have occurred.

Oft-site contamination-if not addressed early in the project, these factors can radicaily change
the volume to be addressed by the RI/FS:

o] Contaminated waste material, sold or given away, could potentially require retrieval and
cleanup.

o] Stack emissions may have extended contaminated areas off-site.

0 Wind-carried dust from on-site waste piles or other surfaces may have polluted off-site
areas.

o Nearby residences may have received elevated internal lead concentrations.
o Runoff and flooding may have carried contamination off-site.

o] Off-site battery breaker facilities may have fed the defunct smeiter. Even though
operations may have ceased, these sites may be considered part of the cleanup.

Filtered or unfiltered samples-This choice may affect the amount of lead measured in ground-
water.

The cleanup level selected—-This choice depends upon the risk assessment approach and
results. If possibie, the specific approach to establishing the cleanup level should be determined early in
the process. Changes in cleanup levels can radically affect the technical and economic feasibility of
remedial options, and hencs, the validity of the Feasibility Study.

Storage practices—Storage of raw materials and process by-products require particular
attention. Unlined and/or uncovered areas are sources of contaminated runoff, leachate, and dust.

Recycling of on-site materials—Reuse of these materials may be possible. The RPM should
first explore the possibilty of transferring unused raw materials or materials that are commonly recycled
within an operating smeiter. For example, some smeiters may discard slag with recoverable lead
content, but the cost of off-site transportation to applicable smeiters may have made recovery economi-
cally infeasible.
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The RPM should arrange inspection of on-site matenals by primary and secondary ead smeiters
and refiners, battery case manufacturers, and boiers and industrial furnace operators that burn
hazardous wastes as fuel supplements. Among the two predominant types of automotive battery
casings, modem polypropylene battery casings are routinely recycled. The older hard rubber cases are
not recycled. However, there appears to be some potential for using hard rubber as a fuel supplement.

Solid waste products from the furnaces may be acceptable for recycling if the metal content is
high enough and objectionable materials are not presant. (i.e., slag for lead recovery and matte for iron
recovery).

Disposal locations—Slag and other debris disposal locations may adversely affect feasibility of
in situ solidification.

2.3 DEVELOPMENT OF A CONCEPTUAL SITE MODEL

Development of a conceptual site model accomplishes two goals: (1) it garners a general
understanding of the site to aid in evaluating potential risks to human health and the environment, and
(2) it assists in setting priorities for the activities conducted at the site.

The conceptual site model is a graphic representation of site dynamics. The site model
identifies the following:

o Potential sources of contamination (waste piles, pits, ponds, and lagoons).

o Types of contaminants and affected media (soil. groundwater, surface water, buildings,
structures, and equipment).

o Release mechanisms and exposure pathways of potential contamination.

o] Actual and potential human and environmental receptors.

Figure 1 shows an example of a lead battery recycling site conceptual model. After evaluating
the existing data and completing the site visit, the RPM should determine the contaminant release and
transport mechanisms associated with his/her site.

2.4 IDENTIFICATION OF REMEDIAL ACTION OBJECTIVES

Preliminary remedial action objectives are developed during scoping to identify preliminary
remedial action alternatives and Rl data requirements. The objectives are based on the existing data for
the site and the site conceptual model. The preliminary objectives and goais should be developed in
conjunction with the preliminary ARARs and exposure assessment for the site.

Site-specific remedial action objectives for lead battery recycling sites shouid relate to specific
sources, contaminants, exposure pathways, and receptors. The following remedial action objectives are
typical of lead battery recyciing sites and should be considered for the site of interest:

o Protect human and environmental receptors against present or future, direct and dermal
contact with contaminated soil or ingestion of it.

o Minimize damage to the saturated zone and provide adequate protection of it from
migrating (leaching) soil contaminants.

13
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Figure 1. Example lead battery conceptual site model.
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o] Protect human and snvironmental receptors against present or future dermal acscrot.cn
and ingestion of contaminated groundwater.

0 Protect human and environmental receptors against present or future dermai contact
with contaminated structures, buiidings, and equipment; also protect them from direct
contact and ingestion of contaminated waste piles.

o] Protect human receptors from present or future inhalation of contaminated dust.

‘0 Protect human and environmental receptors against present or future, direct and dermal
contact with and ingestion of contaminated sediments/sludges in pits. ponds. lagoons,
and surface watef.

2.5 IDENTIFICATION OF POTENTIAL REMEDIAL TECHNOLOGIES

Preliminary identification of remedial action aiternatives should begin after the identification of
preliminary remedial action objectives. The remedial action alternatives developed at this time will help
focus the scope of the Rl activities. They will delineate the degree of data collection for soils, groundwa-
ter, and other media as well as identifying the action-specific ARARs that may influence the scope of the
RI. The altematives developed at this time will be refined during the RI/FS process and may change
over time as more information becomes available from the Rl activities.

The remedial technologies commonly proposed in RODs for lead battery recycling sites are
shown in Table 3. The APM should investigate the application of other innovative technologies to
remediation of heavy metals. For example, the Superfund innovative Technology Evaluation (SITE)
Program supports testing of innovative and emerging technologies. reports on their progress, and
documents resuits. Some innovative technologies specific to heavy metais are discussed in Section 5:
in situ solidification/stabilization, biological sorption of metals, in situ vitrification, lame reactor process,
cyclone furnace, and debris washing system.

As of September 1990, 14 lead battery sites have received Records of Decision (ROD), but none
have implemented treatment remedies. Four RODs have selected No Action remedies (Voortman Farm,
PA; Reeser's Landfil, PA; Union Scrap iron and Metal, MN; and NL/Taracorp/Golden Auto Parts, MN).
Four other sites (Brown's Battery Breaking, PA; C&R Battery, VA; Hebelka Auto Salvage, PA; and Kas-
souf-Kimerling, FL) have recenty received RODs. it appears that an acid-leaching process for cleaning
lead-contaminated soil and battery casings, developed by the U.S. Bureau of Mines (BOM), will be used
on the pilat-scale to treat contaminated soils from the United Scrap Lead and Arcanum sites in Ohio
(possibly in FY91). Other sites are moving towards impiementation, after FY91, of other treatment
remedies cited in RODs (e.g., solidification, battery casing washing, and off-site recycling). Also, as
described in Section 4, a number of treatability studies have been conducted with varying degrees of
success regarding (a) solidification/stabilization of soils, (b) washing of soils, (c) acid leaching of soiis,
(d) acid leaching of battery cases. () segregation and cleaning of battery case scrap, and (f) battery
. casa recydling.

A number of treatment technologies have been implemented as part of removal actions by the
end of 1990.

Soil-
0 Solidification of lead-contaminated soil has been completed at the Norco Battery Site,
Norco, CA.
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TABLE 3. REMEDIAL TECHNOLOGIES COMMONLY PROPOSED FOR LEAD
BATTERY RECYCLING SITES

Contaminated
medium Technology Description
Soil No action Provides a baseline against which other
alternatives can be compared. Includes
groundwater monitoring and 'and use
_ restrictions.

Solidification/stabilization Mixes the waste with pozzoianic mate-
rial to produce a strong, monaiithic
block.

Soil washing Uses particle size separation and an
aqueous medium to extract contami-
nants from the soi.

Uses an acid to extract contaminants

Acid leaching from the soi.

Excavation and off-site Excavates and transports material for

disposal disposal in a RCRA facility.

Capping Installs impermeable barrier/s over the
contaminated soil.

Groundwater No action Includes groundwater monitoring and
land use restrictions.

Precipitation /flocculation/ Removes metals as hydroxides, car-

sedimentation bonates, or suifides.

lon exchange Exchanges toxic ions with refatively
harmiess ions heid by the ion ex-
change material.

Waste Piles Washing Uses a liquid medium to extract

Removal and off-site disposal

Separation and recycling

contaminants from battery casings.

Excavates and transports material for
disposal in a RCRA facility.

Separates waste piles based on differ-
ences in size, shape, and density into
components of metallic lead, plastic,
ebonite, and lead oxide. Recyclable
materials are sold.
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TABLE 3. (continued)

___
Contaminated
medium Technology Description
Buildings, structures, No action Includes boarding-up and fand use
and equipment restrictions.
Demoalition Includes complete or partial destruction
of structures and disposal of debris.
Decontamination Washes contaminated structures/
equipment with organic solvent or
detergent.
Pits, ponds, lagoons, ' Drainage control measures Includes grading of the site, revegeta-
and surface water tion, and addition of storm sewers or
drainage ditches.
Pump and treat water Same as groundwater above.
Dredge sediments mechani- Same as soil above.
cally and treat together with
contaminated soil
S
o] Solidification of lead-contaminated soil should have commenced by the end of 1990 at

the Cedartown Battery Site, Cedartown, GA and at the Lee's Farm Site, Woodville, Wi.
o] Liming of soi was used to elgvate pH at the C&R Battery Site, Richmond, VA.

o Liming of soil was aiso used to elevate pH at Murrieta School Site, Murrieta, CA. After
liming, the surface was covered with a 4-inch aggregate base and a 3-inch asphait
cover.

) Contaminated soll was stabilized with "shotcrete” at the Standard Steel & Metals Salvage
Yard Site, Anchorage, AK.

o Stabilization of contaminated soils, followed by asphalt capping, was completed in June
1988 under a consent order at the NL/Taracorp/Golden Auto Parts Site, St. Louis Park.
MN.

Water—
o Lead-contaminated surface water was treated to a discharge level of 25 ppb during
removal actions at the Tonolli Site in Nesquehoning, PA. The treatment system em-

ployed several holding ponds, a rectangular clarifier, a fine particulate fitering system,
two cation exchange celis, one anion exchange cell, and an activated alumina ceil.
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Pits, Ponds, and Lagoons—

o] Sludge in the bottom of the lagoon was removed, dewatered using a filter press, and
disposed on-site at the Tonolli Site, Nesquehoning, PA.

Piles—

o Off-site recycling of lead oxide was chosen by the owner of the Guif Battery Exchange,
Ocsean Springs. MS.

o] Off-site recycling of rubber battery chips from Union Scrap iron and Metals Site,
Minneapolis, MN was accomplished by sending the material to Delante Metals, inc., LA.

o Off-site recycling of batteries was part of removai actions at Standard Steel & Metals
Salvage Yard, Anchorage, AK.

Buildings, Structures, and Equipment--

o Concrete floors were scraped of soil and washed with high pressure hoses as part of
removal action at United Scrap Iron & Metal, Minneapolis, MN.

o Floors and walis were decontaminated by sweeping, vacuuming and steam cleaning at
Michael Battery Company Site, Bettendorf, {A.

o Process equipment was decontaminated /demalished under a consent decree at the
NL/Taracorp/Golden Auto Parts Site, St. Louis Park, MN.

Because potential remedies are the core of the RI/FS, Section 5 evaluates them in detail. The
RPM will find Section 5 valuable in planning treatability studies during the scoping phase.

2.6 IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS
(ARARs)

Identifying ARARSs assists the RPM in (1) establishing cleanup criteria for remedial alternatives:;
(2) planning field activities; and (3) implementing remedial action. ARARSs for lead battery recycling sites
have been identified by existing RI/FSs and RODs. The CERCLA Compliance with Other Laws Manual
(USEPA, 1968d) will assist the RPM if it is necessary to identity other site-specific ARARs. ARARs that
apply to lead-battery sites are divided into three categories:

o Action-Specific ARARs (performance design standards, LDRs, etc.).

o Chemical-Specific ARARs (MCLs, MCLGs, etc.).

o] Location-Specific ARARs (loodplains, wetlands, etc.).
Action-Specific ARARs

Table 4 lists potential action-specific ARARs which the RPM should consider during the remedy
selection process for lead battery recycling sites. Action-specific ARARs are usually technology- or
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TABLE 4. REMEDIAL ACTIONS AT LEAD BATTERY RECYCLING SITES
AND ACTION-SPECIFIC ARAR CITATIONS

Remedial action

Potential action-specific
ARAR citation

Land disposal restrictions

Placement of waste in !land disposal unit
Slurry wall

Placement of liquid waste in landfill

Surface water control

Disposal or decontamination of equipment, structures, and
soils

Treatment unit

Waste pile
Capping

Construction of surface impoundment

Closure with waste in place

Discharge of treatment system effluent

OSHA reguiation

40 CFR 268 Subtitle C
40 CFR 268 Subpan D
40 CFR 268 Subpart D
40 CFR 264.314

40 CFR 264.251
40 CFR 264.273
40 CFR 264.301
40 CFR 264.221

40 CFR 264.114

40 CFR 264.190-264.192
40 CFR 254.221
40 CFR 264.251
40 CFR 264.243
40 CFR 264.601

40 CFR 264.251

40 CFR 264.228
40 CFR 264.310
40 CFR 264.117
40 CFR 264.258

40 CFR 264.220

40 CFR 264.228
40 CFR 264.310

40 CFR 122.44
40 CFR 125.104
40 CFR 122.41

29 CFR Parts 1904, 1910, and 1926

Source: USEPA, 1988d.

activity-based requirements or limiations. These requirements are triggered by the selection of a par-
ticular remedial activity. Since the RPM usually considers multiple alternative actions, very different
requirements can come into play. Action-specific requirements do not determine the selection of
remedial aiternatives; rather, they indicate how the choice must be made.
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if leag-contaminated wastes (i.e, sols and fragments of battery cases) fail the Tcxicity
Charactenstic Leaching Procedure (TCLP) test with lead levels equal to or greater than 5.0 mg, L. :hey
are a RCRA hazardous waste (O008). Lead wastes that produce leachate levels iess than 5.0 mg/L are
not considered RCRA hazardous wastes (uniess they are hazardous for some other reason).

RCRA hazardous wastes from pits, ponds, lagoons, groundwater, waste piles, soils. structures,
or equipment must meet RCRA Subtitle C treatment, storage, and disposal requirements. RCRA Subtitle
C reguiations include the Land Disposal Restrictions (LDRs) in 40 CFR Part 268. The LDRs prohibit the
land disposal of certain RCRA hazardous wastes unless they meet specified 1-=2'ment standards.
These treatment standards are based on the performance of a Best Demonstr- -2 Available Technology
(BDAT) identified for each RCRA waste code. Treatment standards may be ex. :ssed as concentrations
in the TCLP extract or as total waste concentrations.

The LDR program is a "phased-in" program; each waste code has a specific effective date. The
effective date for D008 characteristic lead wastes was August 8, 1990. Much of the contaminated
material at lead battery recycling sites exhibits the TCLP characteristic for lead. Therefore, the LDRs are
applicable to remedial actions involving placement of such hazardous wastes from lead battery recycling
sites. The RPM must research the individual effective date for each Extraction Procedure Toxicity (EP
Toxicity) metal identified at a site.

The treatment standard for lead wastewaters and nonwastewaters is 5.0 mg/L. Wastes treated to
this level have compiied with the LDR requirements. By definition, such wastes are no longer RCRA
hazardous wastes. They may, therefore, be sent for disposal in a Subtitie D facility. Lead acid batteries
have a separate treatment standard for thermal recovery of lead in secondary lead smeiters. Therefore,
LDR compliance requires that this treatment technology must be used for such wastes.

it should be noted that the storage of lead batteries with the outside shell intact is not consid-
ered land disposal because the battery shell is considered a container (See 40 CFR 264.314(d)(3)).
However, battery storage is subject to the Subpart J storage standards (relating to secure storage,
secondary containment in some instances, and other requirements). (See Appendix C.) Storage of
other D008 lead materials prior to smeiting is considered land disposal. Because large amounts of such
materials remain at smeiting faciities, EPA has granted a two-year national capacity variance until May 8,
1992 - allowing such storage prior to smeiting (Federal Register, June 1, 1990).

Because TCLP has replaced the EP Toxicity method, a waste may exhibit the TCLP toxicity
characteristic, but not exhibit the EP Toxicity characteristic. (n such a case, the waste is considered a
"newly identified” characteristic waste; it is not subject to the LDRs. Therefore, if a waste exhibits the
TCLP toxicity characteristic, the waste should also be analyzed using the EP toxicity method to
determine whether it is subject to the LDRs. Figure 2 outlines this process in a decision tree.

it is important to note that such “newly identified® wastes, while not subject to the LDRS, are still
RCRA hazardous wastes. They can only be sent for off-site disposal in an approved Subtitle C facility. if
the waste is to be landfiled on-site, then the remedial alternative must meet the requirements of 40 CFR
264 regarding capping, closure, and groundwater monitoring.

On-site treatment, such as soil washing of lead-contaminated soil, produces wastewater that can
generally be discharged to groundwater, nearby surface water, or a surface drainage area after
treatment. These discharge methods must meet the applicable state and National Pollution Discharge
Elimination System (NPDES) effluent requirements (whichever is more stringent). The wastewater
treatment residues (sludges) may be hazardous and would require further treatment i they are found to
be characteristic wastes, prior to disposal.
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Occupational Safety and Heaith Act (OSHA) Regulations (29 CFR Parts 1904, 1910. ana 1325)
apply to all work performed during implementation of a remedial acton.

Chemicst-Specific ARARs ~

Lead is the primary contaminant at lead battery recycling sites. Other metals such as antimony,
arsenic, cadmium, chromium, copper. and nickel may be present in trace amounts. The RPM should be
aware that these heavy metals are toxic and, therefore, their concentrations should be checked against
ARARs for these metais. Table 5 lists chemical-specific ARARS for lead.

The Office of Emergency and Remedial Response (OERR) has recommended an interim cleanup
level of 15 ppb for lead in potable groundwater, based on childhoed health risks. The EPA has identified
10 ug/dL of lead as a blood level of concem in young children. Lead levels above 10 4g/dL are
associated with increased risk of adverse effects on neurological development and diverse physiological
functions. Lead levels in drinking water of 15 ppb and below should correlate with blood levels of lead
below the concern level 6f 10 ug/dL (USEPA, 1990b) (Appendix D).

Health-based lead cleanup goals for soil must be developed on a site-by-site basis, since
specific ARARs do not exist at this time. The deveiopment of a heaith-based level is important in deter-
mining acceptable levels of residual contamination in soil. The Center for Disease Control (1985) has
reported that concentrations of lead greater than 500 to 1,000 mg/kg in soil could lead to elevated lead (
levels in children who inhale or swallow contaminated dirt. This concentration range has been adopted
by EPA (1989¢) as the guidance lavel for chidhood lead exposure at residential sites (Appendix E).
OSWER is currently revising this guidance. The updated guidance, which is scheduled for publication
within the next several months, will offer an alternate approach. It will use a biokinetic/uptake modael for
determining site-specific, heaith-based soil iead standards. Use of the model may resuit in cleanup
levels outside the 500-1,000 ppm range. (n addition, EPA has recently issued RODs for a number of
laad battery site cleanups. Different lead action levels were implemented at specific sites under varying
site conditions (Table 6). These lead action levels are examples of previously selected cleanup levels;
they do not constitute guidance. A baseling risk assessment must be done at each site to establish
cleanup goals.

Location-Specific ARARS

Location-specific ARARS are restrictions placed on the concentration of hazardous substances
or on activities solely because they are done in specific locations. Typically, these locations include
floodplains, wetlands, historic sites, and sensitive ecosystems or habitats.

The RPM shouid be aware that the local and state reguiations may apply more stringent
standards than those identified above. Since ARARs are subject to modification at any time, the RPM
must keep abreast of reguiatory changes. The APM should also communicate with all appropriate state
personnel (I.e., project managers, ARAR coordinators, and toxicologists) regarding changes in state and
local ARARSs.

2.7 IDENTIFICATION OF DATA NEEDS
Existing information will typically be insufficient to adequately define the site, plan for potential

treatability studies, and evaluate remedial technologies. For a lead battery recycling site, specific needs
for additional data should be included in the RI/FS Work Ptan.
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TABLE 5. LEAD BATTERY RECYCLING SITES: CHEMICAL-SPECIFIC ARARs FOR LEAD

AND CRITERIA, ADVISORIES, AND GUIDANCE TO BE CONSIDERED

Authority /Requirement/Citation Contaminant Media Criteria* Factors
Office of Emergency and Remedial Lead Soll 500-1,000 ppm In sail | Interim guidance (Ap
Response and the Ollice of Waste (under EPA consider- | pendix E)

Programs Enforcement ation)

Resowrce Conservation and Recov- Lead Wastewaler and non- | 50 mg/L level TCLP Toxicity

ery Act waslewater

Office of Emergency and Remedial Lead Groundwater/ 15 ug/L Recommended by
Response and the Office of Waste drinking water OERR (Appendix D)
Programs Enlorcement

Clean Water Act Lead Surtace walter 50 ug/L in water Water & fish Ingestion
Federal Ambilent Water Quality Crite-

ria for Protection of Human Health

Clean Water Act Lead Surlace waler 3.2 ug/L® For lreshwaler
Federal Ambiemt Water Quality Crite-

ria for Protection of Human Health 5.6 ug/L For marine

Clean Air Act Lead Alr 1.5 ug/m’ In air

National Ambient Air Quality Stan-
dards (NAAQS)

* Criteria are subject to periodic review and modification.
® Hardness dependent. This criterion value was calculated using a hardness value of 100 mg/L as CaCo,.
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TABLE 6. SUMMARY OF SOIL LEAD ACTION LEVELS FOR LEAD BATTERY SITES
BASED ON RODs AND/OR FEASIBILITY STUDIES*

Soil lead level

Routes for the protection
Source of exposure of human health Risk range** Basis ol decision
Preventing lead poisoning in young childien by Childhood lesd 500 t0 1,000 mg/kg NA Recommended action lsvel 104 res:-
Centers for Disease Cmqol. 1985 poisoning dential areas
EPA OSWER Directive #9355.4-02 Diect contact 500 to 1,000 mg/kg NA Recommended acton level foi (esi-
dential aseas.
EPA Region M, ROD, Biown's Battery Bieaking ingestion and NA NA Action level tor residential enviiun
Site, PA inhalation ment.
EPA Region M, ROD, C&R Bantery Company, Ingestion 100 mg/kg 9x10’ - 16110° Action level 101 1100 1esidential eivi
Inc. Site, VA for assenic 1onment
EPA Region W, ROD, Hebelka Auto Salvage ingestion 560 mg/kyg NA Based on satu sol ingestion sce
Yard, PA nario.
EPA Region V, ROD, United Scrap Lead, OH ngestion 500 1y /kg NA Action lovel 101 (esidential snviton
ment
EPA Regeon V, ROD, Ascanum kon and Melai Diect contact 500 mg/kg NA Action level tor residential envicon
Site, OH ment.
EPA Region IV, Feasibiity Study, Bypass 601 Ingestion 500 mg/kg NA Action level for residential enviion
Gioundwater Contamination Site, NC ment.
EPA Region IV, Feasibility Study, Sapp Batiery Direct contact 79 mg/kg NA Action level fo1 residential enviion-
Salvage Siwe, FL ment.
1,150 mg/kg Action level tor work place use
EPA Region X, ROD, Gould Site, OR Ingestion 1,000 mg/kg NA Action lavel for residential enviion
ment.
EPA Region X, ROD, Western Processing, WA ingesthon NA 4x10® -9 x10° Based v workel sconano

for PCB

* There are no dale for any other sites.

** Cascinogenic potency factor has nol been established fos lead so a cancer nisk.caiculabion 1s ipossible to perform at this time
NA Not availlable.



mplin Toxici h i hing Pr r LP) Testin
This test will determine whether lead-contaminated sails or siudges are RCRA hazardous wastes.
The Migrati her M ni

A number of soil and water properties affect migration. Models have been deveioped to assess
chemical equilibrium for these complex interactions. Table 7 lists the types of input required for metals
speciation models (Hill et al, 1989). Metals speciation models have been used at several lead battery
recycling sites (eg., C&R Battery, VA; ILCO, AL; and Kassouf-Kimerling Battery, FL). As noted in Section
2.1, it is recommended that early coordination be arranged with the EPA Exposure and Ecorisk
Assessment Technology Support Center to ensure the adequate collection of data for speciation models.

If undisturbed, lead tends to accumulate in the scil surface, usually in the top few centimeters.
Concentrations decrease with depth (Adiano, 1986). Insoluble lead sulfide is typically immobile in the
soil profile (Butier, 1954).

Depending on the chemical constituents in a system, pH can have an important impact on the
solubility and, therefore mobility, of metal contaminants. Generally, metals solubility increases with
decreasing pH; arsenic mobility increases with increasing pH. These trends depend on the nature of the
anions and cations in the system, and the presence of chelating agents. Also, the stability of molecular
and ionic species of lead are influenced by pH (Gambrell et al, 1980). The intensity of fixation of lead by
soils is also influenced by pH (Misra and Pandley, 1976; Farrah and Pickering, 1977).

Th tion

This capacity affects the quantity of metal cations that can be tied up by a given amount of soil
and the mobility of the metals. Therefore, the cation exchange capacity of the soils on-site should be
measured.

The Qrganic Matter Content of a Solil

This content can affect metal mobility in two ways: by affecting oxidation reduction potentials,
and by providing a source of chelating agents, which can increase metal mobility.

More Accurate Delineation of Contaminated Areas

The area and depth of soll and other media contaminated with lead are required to calculate the
feed quantities to be processed. Table 8 lists some sampling techniques for various media, including
portable X-ray fluorescence (XRF) detectors for measuring lead concentrations in soil.

Field-portable XRF units are being used to make in situ measurements of contaminated soil areas
at lead battery recydiing sites. XRAF can quicidy determine the presence of a target metai (Roy F.
Weston, Inc., 1980). This increases the sampie population and data averaging that can be used in
mapping, contouring, and other interpretive methods. In situ measurements with the XRF system allow
technicians to immediately locate and quantify surface lead concentrations. The instrument can also be
used for collected samples from subsurface locations. The instrument detection limit for lead is 70 ppm
(USEPA, 1388b). The overall advantages of XRF include 1) minimal sample preparation time, 2) rapid
turnaround analysis time, 3) muiti-element analytical capacity, and 4) non-destructive analysis. Its only
disadvantage is the requirement for validation of the method and its applicability must be validated at
aach site.
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TABLE 7. INPUT PARAMETERS NEEDED FOR MINTEQA2 METAL SPECIATION MODEL

Conductivity Chioride Potassium

pH B8romide Calcium
Temperature Nitrate Magnesium

Total dissoived solids Nitrite Aluminum
Hardness Ammonia Bicarbonate
Density Ortho phosphate Carbonate
Dissolved oxygen (DQ) Heavy metals Silica

Alkalinity Iron Dissolved organic
Sulfate Manganess carbon**
Sulfides [and hydrogen sulfide or methane]* Sodium

The following additional redox species, where the
measurement for the total shows the metal to be
present:

Fg?
Mn-?
Cr®
Cr?

* Only to be analyzed for samples with zero DO and an H,S odar; however, the sample collector in
the field should make a note about the presence or absence of a sulfide odor.
** Perhaps dissolved concentrations of specific organic complexes i important for a specific metal.

Source: Hill et al, 1989.

in situ XRF analysis was used exclusively at Brown'’s battery breaking site during the Phase I
activitles (Roy F. Waston, 1990). A portable XRF system was used at the C&R Battery site to screen the
surface soil, subsurface soil, and sediment samples collected during the field investigation. This
minimized the number of samples sent to the Contract Laboratory Program (CLP) laboratories for
analysis. XRF was also used to measura lead concentrations in soit and sediment. The data correlated
closely with the CLP resuits (NUS, 1990).

D ) A m

The data must support a prelimimary assessment of the suitability of potential remedial alterna-
tives. Table 9 lists typical data required to evaluate each type of treatment. Section 5 presents a further
discussion of remedial technologies.

2.8 DATA QUALITY OBJECTIVES

Data quailty objectives (DQOs) for lead battery recycling sites are formulated to ensure that data
of appropriate quality and correct quantity are obtained during remedial response activities. To confirm
that the data are adequate, a clear understanding of the objectives and the decision-making method
must be achieved early in the project planning process. This is accomplished by the development of
DQOs.
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TABLE 8. TYPICAL SAMPLING PROCEDURES AT LEAD BATTERY RECYCLING SITES

Medis Sampling technique Remarks
Solls Grain sampiler (iief) Panicularly applicable for sampling powdered or granular lead wastes such as PbO-containing solls.
) For surtace soiis only.
Sampling Wier Primarily for core sampling near surtace. Not recommended for granular matenals
Tiowel (scoop) Generally applicable for soil samples less than 3 inches in depth.
Velhvineyer sampler Recommended for sampling at depths 10-15 feet. Ditticult 10 use on stony, rocky, Or very wel s0il.
X-fay fluorescence XAF has besn used successiully to detect lead in 30il in concentrations as low as 70 ppm in sold  Thus
is an in situ analysis technique. Further details can be found In Project Repost EPA/600/4-87/021
Split spoon sampler Mosilly commonly used soil sampling device. Determines the stratification, idenufication, consistency,
and density of the soils present at a site.
Shelby tube samples Used 10 obtain undisturbed samples.
Wasie piles Waste pile sampler Field-tabncated PVC pipe approximately 5 ft long and 1.25 inches in diameter, cut lengthwise, and

Pits, ponds, iagoons,

and surface wates

Groundwater

Buildings, structures,
and equipment

Thwet
Auges
Coliwasa

Dipper (pond sampler)
Woeighted bottie

Tap

Bailer (monitonng wells)

Surface-wipe sampling

boied into the pile by hand (basically a iaige sampling trler).
Availlable at laboratory supply stores
Pumanly used 1o sample haid or packed solid wastes or soil.

Peinuis the sampling ol both tree-flowing liquids and slurries. Primary imiaton. the sample depth
cannot exceed 1.5M.

Not available commeicially, usually tabincaled 1o¢ particular application

Bottles must be fabiicated in accordance with ASTM D-270 and ASTM
E-300

A 2 lter (minumumyj sample must be coliected for a minimum of 5 minutes
Excellent means for collecting samples trom monitonng wells They are relalively inexpensive

Buildings should undergo preliminary samphng tor hazardous o1 10XIC vapors and particulates

Source: USEPA, 1984, USEPA, 1980, and USEPA, 1985a




TABLE 9. DATA REQUIREMENTS FOR POTENTIALLY
APPLICABLE TECHNOLOGIES

Technology

Data requirement

Sail

Soiidification/stabilization
(USEPA, 1986a and Arniella et al.. 1990)

Soil washing/acid leaching
(USEPA, 1988d and USEPA, 1990¢)

Capping
(USEPA, 1987c)

Oft-site land disposal
(USEPA, 1987¢)

Groundwater
Precipitation/flocculation/sedimentation
(USEPA, 19880)

Metal concentrations
Moisture content
Bulk density
Grain-size distribution
Waste volume

o Sulfate content

0 Organic content

o Debris size and type
o TCLP

OO0OO0OO0OO

Soil type and uniformity
Moisture content

Bulk density

Grain-size distribution

Clay content

Metal concentrations/species
pH

Cation exchange capacity
Organic matter content
Waste volume

Mineralogical characteristics
Debris size and type

TCLP

Extent of contamination
Depth to groundwater table
Climate

Waste volume

©C 0000 0000000 O0OOODOCOO

Soil characterization as dictated by the
landfill operator and the governing
regulatory agency

0 Waste volume

o TCLP

o Total suspended solids

o pH

0 Metal concentrations

o Oil and grease

o Specific gravity of suspended solids
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TABLE 9. (continued)

R

Technology

Data requirement

lon exchange
(USEPA, 1989b)

Pumping via wells

Waste Piles

Off-site landfill
(USEPA, 1987e)

Washing of battery casings

Recycling of battery casings

0000000 O00O0O0

(o]

O0000 00000 OO

Total suspended solids

Total dissolved solids
Inorganic cations and anions
Qil and grease

pH

Depth to water tabie
Groundwater gradients
Hydraulic conductivity
Specific yield estimate
Porosity

Thickness of aquifers
Storativity

Waste pile characterization as dictated
by land disposal restrictions

Waste volume

TCLP

Casing type

Bulk density
Grain-size distribution
Metal concentrations
TCLP

Composition of battery casings
Metal concentrations

Waste volume

Other information required by recipient
TCLP '




For a lead battery recyciing site. CQCs should focus on site meqia; jrourcwater. 3ol ~asie
piles, prts. ponds. lagoons, contaminated buildings. structures. and equipment. For more in-depth
information on DQQs the reader should consult Data Quality Objectives for Remedial Response Aclicrs
(USEPA, 1987b), the second volume of which details the development of DQOs for a site containing,

TCE, lead. chromium, and arsenic.



SECTION 3

SITE CHARACTERIZATION

Site characterization encompasses the Ri efforts to define the nature and extent of contamina-
tion at a lead battery recycling site and to collect information needed to conduct the risk assessments
and to select the appropriate remedial alternative for the site. Thus it faciitates the selection of remedial
action alternatives. The following site characterization activities comprise a standard RI:

o] Establish the physical characteristics of the site,

o} Define the source, nature, and extent of the contamination, and

o Prepare a basaline risk assessment.

3.1 PHYSICAL CHARACTERISTICS

Data on the physical characteristics of the site and its surrounding areas are collected 1) to
identify potential exposure transport pathways and receptor populations, and 2) to provide sufficient
angineering data to develop and evaluate remedial action alternatives. The following information is used
to define a site’s physical characteristics:

o] A summary of previous physical data accumulated about the site.

o Stte surface features (e.g., battery breakage areas, disposal areas, pits, ponds, lagoons,
buildings, and structures).

o Site geciogy (depth of aquifer, type of bedrock, etc.).

o Soll and vadose zone characteristics (permeability, moisture content, cation exchange
capacity, pH, etc.).

o Site hydrogeoiogy (depth to water table, hydraulic conductivity, porosity, groundwater
fiow diraction, etc.).

] Surface water hydrology (drainage patterns, flow in surface water bodies, etc.).
o Matsorological data (precipitation, temperature, etc.).

o Information on demographics, land use, and water use (current/future population,
location of drinking water intake, recreational areas, etc.).

o) Ecological information (wetiands, floodplains, parks, etc.).
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These data may be obtained from a variety of federal. state. and local sources inciuairg aera
photographs, historical photographs. topographic surveys, site operation records, sampling, monrtorng
results. demographics, United States Geological Survey (USGS), zoning maps, previous investigations.
and interviews with present/past site owners and empioyees.

3.2 SOURCE, NATURE, AND EXTENT OF CONTAMINATION

Typical sources of contamination at lead battery recycling sites are heavily contaminated soils:
waste piles: groundwater; pits. ponds, and lagoons; surface water; and buildings, structures. and
equipment. Geophysical surveys can be used to determine the vertical and lateral variations in both
subsurface stratigraphy and subsurface metal contamination. A variety of survey techniques (e.g.
ground penetrating radar, eiectrical resistivity, electromagnetic induction, magnetometry, and seismic
profiling) can effectively detect the locations and extent of buried waste deposits. Borehole geophysics
can be conducted at selected well locations in order to better characterize subsurface stratigraphy.
Field screening techniques such as XRF can be used to pinpoint sampling locations at areas of greatest
contamination ("hot spots”). Soi and waste samples are typically analyzed in the laboratory for the
USEPA Target Analyte List (TAL) metals, TCLP toxicity, total cyanide, total organic carbon, pH,
acidity/alkalinity, and cation exchange capacity. Table 10 contains a complete list of TAL metais.

Monitoring wells are installed and sampled upgradient and downgradient from a lead battery
recycling site. Groundwater monitoring weils are allowed to equilibrate before water level measurement
or groundwater sampling. A siug or pump test can also be performed to evaluate aquifer characteristics.
Samples from the wells are analyzed for TAL metals, total cyanide, total organic carbon, total suspended
solids, total dissolved solids, pH, alkalinity/acidity, hardness, sulfate, chioride, specific conductances.
temperature, and dissolved oxygen. Remedial actions in some geographic regions may be based on
unfiltered groundwater samples, while in others filtered or both filtered and unfiltered samples are used.
Filtered sample analyses are used for concentrations of dissolved and colloidal groundwater con-
stituents. Unfiitered sampie analyses are appropriate for total metals concentrations, including metals
contained in suspended sediments.

Water and sediment samples are collected from pits, ponds, lagoons, and surface water; the
samples are analyzed for the chemical parameters mentioned above. —

Sampling methods for tests that determine the nature and extent of contamination on building,
structure, and equipment surfaces have not yet been standardized. Surface-wipe sampling is generally
used. In surface-wipe sampling (wet or dry), a surface is wiped with a cotton swab or filter paper.
These media may or may not be wetted with solvent. When needed, small sections of contaminated
structure materiais (e.g., corings) can determine the depth of contaminant penetration into porous
materials such as wood or concrete. More information on this subject can be obtained from Guide for
Decontaminating Buildings, Structures, and Equipment at Superfund Sites (USEPA, 1985a).

More detalls on sampling and analysis can be obtained from Data Quality Objectives for
Remedial Response Actions (USEPA, 1987b), Compendium of Superfund Field Operations Methods
(USEPA, 1987a), and Test Methods for Evaluating Solid Waste - Physical/Chemical Methods (USEPA,
1880).

3.3 RISK ASSESSMENT FOR LEAD BATTERY RECYCLING SITES
Risk assessments evaluate the likelihood and potential magnitude of human or environmental

exposure to hazardous substances. Risk assessments can heip determine what cleanup levels and
remedies are needed. Risk assessments are multidisciplinary. They may involve expertise in numerous
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TABLE 10. TARGET ANALYTE LIST (TAL) METALS

Aluminum Calcium Magnesium Siver
Antimony Chromium Manganese Sodium
Arsenic Cobalt Mercury Thallium
Barium Copper Nickel Vanadium
Beryllium {ron Potassium Zinc
Cadmium Lead Selenium

areas, such as chemistry, toxicology, hydrogeology, soil science, environmental modeling, and statistics.
Becausa risk assessment is an integral part of decision-making at all stages of the RI/FS process, the
project team should employ risk assessors and toxicologists earty in the process.

Risk assessments at lead battery recycling sites do not differ in approach from those at other
types of CERCLA sites, but thers are a few unique features that are heipful to consider in planning a
RI/FS.

3.3.1 Risk Assessment Guidance
The Superfund Program recommends the use of five EPA publications in assessing risk at sites.

o Risk Assessment Guidance for Superfund (RAGS) - Volume |, Human Health Evaluation
Manual (USEPA, 1589e),

o Risk Assessment Guidance for Superfund (RAGS) - Volume Il, Environmental Evaluation
Manual (USEPA, 19861).

o Role of the Bassline Risk Assessment in Superfund Remedy Selection Decisions
(USEPA, 1990f).

o Guidance for Conducting Remedial Investigations and Feasibility Studies Under
CERCLA. (nterim Final (USEPA, 1988c).

o The Risk Assessment Guidelines of 1986 (USEPA, 1987d).

Superfund has established a technical support center at the Environmental Criteria and
Assassment Office (ECAQ) In Cincinnatl, Ohio (FTS-684-7300). EPA publishes quarterty Health Effects
Assessment Summary Tables (HEAST). A general overview of taxicity information on the three most
pmdmcaunmahdmyncydhgsnes-lead.amimmy,andarsemc—'lspmvidedbelw.

Lead-

Acute inorganic lead intcodcation in humans is characterized by brain disease, abdominal pain,
destruction of red blood cells, liver damage, kidney disease, seizures, coma, and respiratory arrest. -

Chronic, low leveis of lead exposure can affect the hematopoietic system, the nervous system,
and the cardiovascular Lead inhibits several key enzymes involved in heme biosynthesis. One
characteristic effect of chronic lead intaxication is anemia, due to reduced hemoglobin production and
shortened erythrocyts survival. In humans, lesd exposure has caused nervous system Injury, reducing
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nand-eye coordination, reaction timae. visual motor performance. and nerve conduction velocty ~“e
developing child seems especially sensitive to lead-induced nervous system injury.

Lead can also affect the immune system and produce gingival lead lines. Epidemiological
studies have indicated that chronic iead exposures may be associated with increased biood pressure.
Exposure to lead has been associated with sterility, abortion, and infant monality. Organolead
compounds are neurotoxic.

EPA has classified lead as a Group B2 carcinogen based on renal tumors in experimental
animals (Federal Register, August 18, 1988).

Antimony-

Antimony exposure can irritate the gastrointestinal tract. Acute toxic effects include severe
vomiting and diarrthea. With occupationai exposures, rhinitis and acute puimonary edema may occur.

inhalation of some antimony compounds can inflame the :a.sal lining, the throat, the trachea,
and the bronchi. It can cause both chronic cbstructive lung disease and emphysema. Transient spots
on the skin have been reported in workers.

Arsenic—-

Acute oral exposure to arsenic can cause muscie cramps, facial swelling, cardiovascular
reactions, severe gastrointestinal damage, and vascular collapse ieading to death. Inhalation exposures
can cause severe irritation of the nasal lining, farynx, and bronchi.

Chronic oral or inhalation exposure can produce changes in skin, including hyperpigmentation
and hyperkeratosis; peripheral neuropathy; liver injury; and cardiovascular disorders. Oral exposures
may be associated with peripheral vascular disease.

Arsenic is a known human carcinogen. Oral exposures are associated with skin cancer;
inhalation exposures can cause lung cancef.

Rigk A ! R
3.3.2.1 Lead issues for Lsad Battery Recycling Sites-

Before collecting environmental data at the site, the RPM should consuit with the Regional
Toxicologist to assess the state of risk assessments for lead-contaminated sites. Currently, EPA has no
established reference dose (RfD) or slope factor to estimate the numerical noncarcinogenic and carcino-
genic heaith impacts resulting from lead exposures. Previous toxicity values for lead, most notably
those published by the American Institute of Cancer (AIC) in the Superfund Public Health Evaluation
Manual, have been withdrawn and their use prohibited. Risk assessments performed before 1989 may
usa the AIC; however, current risk assessment guidance disqualifies its use. Furthermore, development
of an RD to eveluate the quantitative, noncancer effects of lead has been prevented by a lack of hard
data on the effects in infants and young chidren. The muitiple media providing exposure to lead also
makes it gificult to gather statistics for threshold. Therefore, EPA may elect to use other risk models in
evaluating the potential risks associated with lead exposure.

Because heaith effects may be correlated with it, the level of lead in blood is a more appropriate
benchmark for heaith effects than an estimated intake level. The Integrated Uptake,/Blokinetic (IL BK)
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moded, currently being developed by the EPA and New York University as a software package, may
provide a means of predicting lead levels in biood - based on total lead uptake from inhalation. and
ingestion of sol, dust, paint, food. and drinking water. The current IU/BK model estimates lead uptake
and biood levels in chidren up to 6 years old. This model is designed to accept input of site-specific
variables. If these variables are not available. the model defaults to pre-programmed values. This model
is still under development; in the future, it may provide a new approach to determining lead exposure.
The EPA Regional Toxicologist should be consuited before employing any lead exposure modal.

An OSWER directive (Appendix E) suggests soil cleanup leveis between 500 and 1,000 ppm for
lead-contaminated soils in residential or potential residential areas -- taking site conditions into
consideration (USEPA, 1989C). Howsever, this directive is not sensitive to the muiti-media nature of lead
exposure and to the variable contribution to total lead uptake of these media at varying sites. Therefore,
QERR I3 proposing the use of the |U/BK modael, which will tallor soil cleanup levels to the site, and the
RPM should check the status of the modified guidance.

3.3.2.2 Exposure Pmmy_o for Lead Battery Recycling Sites—

Exposure assessment encompasses three objectives: to identify actual or potential exposure
pathways, to characterize the potentially exposed populations, and to determine the extent of the
exposure. Lead contamination at battery recycling sites may occur through one or more of the following
mechanisms:

o Ingestion of contaminated media, such as groundwater and soi;

o] Inhalation of contaminated media through exposure to entrained dust, including
ingestion of particulates that have been axpelied from the lungs; and

o Dermal exposure t0 contaminated media.

The potential risk from each of these exposure pathways must be evaluated in the context of the
site. In all cases, exposure potential, based on current and future site activities, should be evaluated for
both residential and occupational exposures. If site-specific intake values are not available, the EPA-
published intake values for ingestion and inhalation (USEPA, 1988e and USEPA, 1988f) should be used.
These defauit vaiues shouid provide estimates of potential exposure to site contaminants.

Chiidren are especially sensitive to low-evel effects of lead contamination. Other receptors
should not be exciuded, but exposure of children is of paramount importance in the assessment. The
risk to chidren is greater, not only because of lead toxicity, but also because of chidhood activity
pattemns. They tend to play outdoors where thers is increassd potential for exposure to lead in soil. Soi
ingestion rates are higher for children than for other groups.

Site access is often restricted; therefore on-site exposures to contaminated media may be
limited. Howewss, should someone gain access to the site, they may experience additional exposure to
contaminated salls and other particulates. Ingestion exposure is intensified by hand-to-mouth activity.
In addition, commaminants may be transported home, with subsequent exposure to other family members.

3.3.2.3 Risk Assessment Data Needs—
Although the data needs for risk assessment at lead battery recyciing sites are generally simiar

to those at other sites, some unique features should be considered: the physical nature of the waste,
the use of background data, and the association of lead with other metals. If the biokinetic model is to
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be used, input needs should be assessed before data are collected. Since the uptake biokinetic mocel
is under development and therefore subject to revision, it is recommended that ECAO (FTS-684-73CC) te
contacted to ascertain its status and required input values.

The physical characteristics of wastes at lead battery recycling sites differ from those at many
other types of sites. Large pieces of metallic lead and contaminated battery casings are unique to these
sites. The consideration of these physical characteristics is important in planning the Rl. Because t is
unlikely that these large pieces of contaminated material will follow the same migration pathways as fine-
grained material, it is necessary to assess both particle size and contaminant concentrations. For
example, incidental ingestion of contaminated material may be due to various hand-to-mouth activities
{such as smoking and eating). Howaever, this mechanism would apply only to the fine-grained materiai;
large pieces of casings or slag would not be ingested. Particle size will also determine whether
contaminated material can become air-entrained.

To obtain Rl data for the risk assessment, likely exposure scenarios should be developed. If the
exposure routes depend on particle size, it may be necessary to conduct size separation on key
soil/material samples and to analyze fine and coarse fractions separately for metal concentrations.

Adequate characterization of background lead concentrations may also be necessary -
especially for sites having high natural background concentrations or sites affected by mining activities.
Plans for collecting background samples should be verified statistically to ensure that the correct
numbers and sample locations are targeted.

Other metals may be associated with lead battery recycling sites. Analyses shouid not exclude
other toxic metals. The site history should be critically evaluated to determine if other activities there
may have caused other types of contamination.
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SECTION 4

LEAD BATTERY RECYCLING TREATABILITY STUDIES

Treatability studies are tests designed to provide critical data needed for the evaluation and,
ultimate implementation of one or more treatment technologies at a specific site. They can be run in the
laboratory or the field. These studies generally aid the characterization of the untreated waste and
analysis of technology performance under different operating conditions. The results may be qualitative
or quantitative, depending on the level of the test. Three types of factors dictate the level of test needed:
phase-related (e.g., RI/FS or RD/RA), technology-specific, and site-specific factors. More information on
treatability studies can be obtained from Guide for Conducting Treatability Studies Under CERCLA
(USEPA, 1989b) and on treatability study vendors, from Inventory of Treatability Study Vendors - Volume
I (USEPA, 1990D).

4.1 EXAMPLES OF SITE-SPECIFIC LEAD BATTERY RECYCLING TREATABIUITY STUDIES

Treatability studies on the technologies listed below and described in Section § have been
documented in RI/FS documents for lead battery recycting sites:

o] Solidification/stabilization (cement-based) - very effective on lead-contaminated soils.

o] Soll washing ~ promising in the laboratory, but unsuccessful at two sites because of
material handling problems.

o] Acid-eaching (Bureau of Mines process) - promising, but still in bench-scale develop-
ment.

o} Recydling of battery casings - (Canonie Environmental Services Corp. process) claimed
to produce approximately 75 percent recyclable materials at Gould Site in Oregon.

4.1.1 Solidification/Stabilization ot Soil

Norco Site-

Only one full-scale, on-site treatment has been completed to date at a Superfund lead battery
recycling site (Norco Battery Site in California). The Norco Site had approximately 8,000 tons of soil
contaminated with lead suifate (levels up to 80,000 mg/kg). Raw untreated soils had an EP Toxicity
value for lead exceeding 400 mg/L Contaminated soils were screened to 1-1/2 in., pretreated with a
40% calcium hydroxide slurry, and set aside for 3 days before treatment by fixation. This soil was then
mixed, in a mobile plant, with portland cement, fly ash, and water at a rate of 300 tons per day. Results
achieved were as follows:

o EP Toxicity and TCLP resuits for iead after 28 days: <5 mg/L,
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o American Nucliear Society (ANS) 16.1: greater than leach index of 12: and

o Unconfined compressive strength: > 500 psi (Martyn, EPA Region 10. personal commu-
nication, 1990).

C&R Battery Site-

HAZCON, Inc. conducted a bench-scale treatabilty study at the C&R Battery Site in Virginia to
determine the solidification reagents and ratios most suitable to lead-contaminated soi. The concentra-
tion of lead in the EP Toxicity extract (untreated soi) was 119 mg/L. This treatability study evaluated the
effectiveness of mixing various ratios of pozzolanic materials with soi, including Type | and Type i
Portland cement, fly ash, lime, sodium silicate, and sodium phosphate. Only the cement-based (i.e.,
cement or cement with additives) blends exhibited increases in resistance to leaching of lead. The
treatability resuits aiso indicated that the addition of lime and sodium silicate to the cement/soil mixture ( '
significantly decreased the leachability of the solidified material. (See Table 11.) The stabilization
mixture with the smallest percent volume increase that met the EP Toxicity criterion consists of a
1:0.6:0.03 soil/cement/sodium silicate ratio (by weight). Unconfined compressive strength test resuits
indicated 28-day compressive strengths greater than 1,400 psi for the solidified materials (NUS, 1990).

Gould Site—

A bench-scale study — conducted by Weston Services, Inc. on soil and sediment from the Gould
Site in Oregon - suggested that Portland cement, cement kiln dust, and lime kiln dust, mixed with the
soil and sediment at specific incraments, improved the consistency, structural stability, and non-
leachability of the contaminated materials. Table 12 summarizes the TCLP laboratory test data for the
various admixtures (Dames and Moore, 1988).

A pilot-scale treatability test was conducted at the Gould site by Canonie Environmental to
collect the information needed to select a formulation for stabilization of waste materials left on the site
following remediation. The program demonstrated that a mix of approximately 14 percent Portland
cement Type |-, 25 percent cement kin dust, and 35 percent water successfully stabilized soils and
waste products crushed to 1/8-in. size. As shown in Table 13, this formuiation met all the physical
strength and long-term stability requirements for on-site disposal (Canonie Environmental, undated).

Sapp Battery Site—

A trestabilty study was conducted at the Sapp Battery Site in Florida to evaluate cementation
technoiogies for leachate minimization potential. The chemical fixation results indicate that the cement
mbdure was much more effective in binding lead than the cement, fly ash, and lime mbdure. The
Portland cement mbxure axhibited excellent binding capacity in all samples tested. The fixed sample
levels were at or near the lead detection limit of 0.06 mg/L (USEPA, 1989d), far below the maximum
allowable concentration of § mg/L (EP Toxicity).



TABLE 11. SOLIDIFICATION/STABILIZATION TREATABILITY STUDY RESULTS
FOR CEMENT-BASED BLENDS THAT PASSED EP TOXICITY
CRITERION FOR LEAD AT THE C&R BATTERY SITE

Lead

Type il concentration
portiand Sodium Sodium in extract*

Soit cement Ume silicate phosphate (mg/1)

1.0 0.6 0.067 0.0 0.0 42

1.0 0.6 0.7 0.03 0.0 3.2

10 0.6 0.0 0.08 0.0 15

10 1.0 0.0 0.0 0.0 24

1.0 1.0 0.0585 0.0 0.0 0.8

1.0 1.0 0.0 0.0 0.067 22

*Concentration in EP Toxicity extract.
EP Toxicity criterion for lead is 5 mg/L
EP Toxicity vaiue for untreated soil was 119 mg/L.

TABLE 12. TCLP LEACH TEST RESULTS OF BENCH-SCALE STUDY
CONDUCTED ON SOIL AND SEDIMENT FROM THE GOULD SITE

Soil Reagent Lead leachate
matrix description level mg/L
Soil N/A 710.0
Sediment N/A 24.0
Soi 20% Portland cement ND*
Soil 20% Cement kiln dust (CKD) 3.5
Soil 20% Fly ash 503.0
Soi 20% Lime kiln dust 1.0
Sail 20% CKD, 0.22% sodium carbonate 36.6
Sediment 50% Cement kiln dust ND
Sediment 50% Ume kiln dust 1.0
Soil 10% CKD, 1.4% sodium carbonate 503.0
Soil 10% Cement kiln dust 336.0
Soil 30% Cement kiln dust 14
Soi 10% CKD, 3.7% sodium carbonate 69.4

-

*ND - Sample was analyzed, but not detected.

Source: Dames and Moore, 1988
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TABLE 13. SUMMARY OF CANONIE TEST RESULTS ON THE RECOMMENDED
BINDER FORMULATION AT GOULD SITE

—

Test Criteria Resuits Pass/fail
Uncontined Compressive 50 Ibs/in? gauge (psig) 255 psig to 1,432 psig Pass
Strength (ASTM C39)
Extraction Toxicity Procedure | 5 ppm 0.8 ppmto 1.7 ppm Pass
(EPA Method 1310)
Permeability (USACE 10* cm/sec (less than Up to 3x10® cm/sec Pass
EM-110-2-1906) surrounding soil)
thg-Term Leaching No specific criteria Less than 4 ppm dis- Pass
(ANSI/ANS 16.1) solved lead (declining

concentration with time)
Wet/Dry Test (ASTM 4843) Less than 30% wt. loss Less than 0.06% wt. loss Pass
Potential Reactivity of Classified as innocuous | Classified as innocuous Pass

Aggregates (ASTM C289)

Source: Canonie Environmental, undated.

Lee's Farm--

The proprietary MAECTITE™ Process, developed by Maecorp, Inc. has been proposed as a
treatment at the Lee's Farm in Wisconsin. It will stabilize contaminated waste by converting the lead into
a chemical complex which is resistant to leaching. Full-scale operations are scheduled to begin in late
1990 (Maecorp, inc., personal communication, 1990).

Cedartown Battery—

At Cedartown Battery in Georgia, a contract has been awarded for solidification of approximately
22,000 cu yd lead-contaminated soil to the following specifications (after curing 28-days): EP Toxicity <
50 ppb; TCLP < 50 ppb. MEP < 5 ppm; permeability > 1x10* cm/s; unconfined compressive strength
> 50 psi; and volumetric increase < 50%.

Non-Lead Battery Sites—

Tabie 14 lists non-battery sites where stabilization/solidification has been used, is in use, or is
proposed for use in remediating hazardous wastes containing lead (USEPA, 1989a). For additional
information on sclidification/stabiiization, see Section 5.

4.1. |

Soi washing is primarly a physical process whereby the contaminants which are physically and
chemically adhered to the smaller soi particles (l.e., clay, silt, and humus) are separated from the larger
particles. in contrast to soi washing, acid ieaching dissoives contaminants by lowering the pH of the
system. Soi washing and acid leaching have been tested on the laboratory- and bench-scale with
promising resuits.
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TABLE 14. NON-LEAD BATTERY SOLIDIFICATION CASE STUDIES (USEPA, 1989a)

Chemical Percentuge Treatment Dispusal Volume,
Site/ Contuminnnd Trestmcat Physical pretreatment binder(s) (butch/ (on-site/ mcicase Scale of
comiractor (concentiration) volume form Y/N Binder added coatinwous off-site) @) vperation
in situ)
Unnamed, Fo/sul 2100 ppe 1500 )llJ Siabid fusile N Ponlsod xmcod Cement (15 in suu Laputild Mam - Ars buy
ENRBCO amd propostsry AR) propn (wilume > 30
aary sddume LA %)
%)
Marathoa Sicel, [ ] 138 000 ﬁ‘ Dry sadlt N Pouniand ccment Vaiwed 7 1y Cunaeic balch ( sodhi NA tui
Phaeem, AZ and sducnics (cxmeni) plant
Salscate lechaoiogy (Tomon ™)
NE Refinery Oul shudges, P, C1, 100,000 yo’ Studges, N Kila dust (high Vaticd. 15 W% 10 onu Un sue . Vatied, Fu
ENRECO As vanabie Ca) comemt) A% svciage
Amocu Woesd Osl /soluls ¥0,000,000 gat Slwdges v L hemin psupin NA Costinuaus On sue Avciage 13% b ull (suc
Rover Co.Ci. v elary Buw (prupn delaiend 1
Caembs aagy proaess) 1vas)
Pepper Sicel & O aat s 20y Sl v Posiotans sad e Cuniniue O siie " 1an
Aly v 1,000 ppm (pius 3,000 prupisiay feed (mmer
Mam:, 1 PCBs 200 ppm 1was of swr proprciary
VF1 Techoology As - | 200 ppm s dctirm) design)
Compursios
Chem Relinery, VX Lombined meisis YU UG gad Shudges N Ponlsad aemcm NA ¢ satinuaus Oa e s bstuneicd duy
HAZLON sullug, ou, sludges, (s ,-ﬁ) (syniheric it o proprctary Do (sevure e
elc. shudges) lsadiil)
{ haago Wasie Meisls. L, FU, Ua, 35 gul/Laich Vatwus Propociary W Uatch ana (pug NA s Vatiahic B
Haulhag Amencn Hy. Ag (bemch mugy) mall)
Collow
Joba's Siudge Fu, [ A Shudge L emenl luin dusl Vaiwd Baich » Vatable B
KS /Terracos Cos- ang By ssh
osullants, inc.
Saco Tennery Cr (+ 30,000 ppm) Vaned Sludye Iy ash, quushme W tly ash la suu tia sie S 1Y Fin
Wasie Pus, Mi:, ™ (> 1,000 ppm) 10% Guuhline
VFL Technolugy
Corponsiwa
Douglasevilic, FA Za - 3050 ppo 250,000y Varums N Purtiany crment NA Baich NA NA Pun
HAZLCON P - 34000 ppm s/ shudges sad pruprciary

PCHa - 5090 ppm
Phencl - 100 g/l
Onl and greasc
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TABLE 14. (continued)

Chemical Percentage Treatment Disposal Volume,
Site/ Contamiannt Tresiment Physical preiresiment binder(s) (batch/ (on-site/ incrense Scule of
contracter (concentration) volume form Y/N Binder added continuous off-site) % vpeintiun
in situ)

Pansbie Equp- Po. Cu, PCRe wy’ Saul N Cement, silacate NA Bach NA NA Pisn

meni, Clackames,

OR, CHEMFIX
“Totsl volume on-sae.
NA - Not sveslabie.
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Lee's Farm/ILCO Sites—

Two sites have unsuccesstully attempted soil washing of lead-contaminated sol. Lee's Farm in
Woodville, Wisconsin attempted soil washing with EDTA after brief laboratory-and bench-scale testing.
However, thig attempt was discontinued when material handling problems became excessive (USEPA.
1388a). The EPA Mobile Soils Washing System (MSW) was used at the ILCO Site in Leeds, Alabama.
The MSW reduced the lavel of lead in the ILCO soil from 47,000 to 1,300 ppm. However, severe
matenais handling problems — such as fine panticles clogging the fiiter, excessive suspended solids
ioading to the EDTA lead recovery system - prevented the MSW from cleaning up the enure site
(USEPA, 1988a).

Arcanum/Lee’'s Farm Sites-

Researchers have investigated the process characteristics, design, and economics of a sail-
washing process that employs an electromembrane reactor (EMR) to treat contaminated soils and to
recover heavy metals such as lead (USEPA, 1988a). The electrowinning process uses EDTA as the
chelating agent and recovers lead by electrodepaosition. Treatability studies were performed on leag-
contaminated soils from two Superfund sites (Arcanum near Troy, Ohio and Lee's Farm in Woodbville,
Wisconsin). The optimum EDTA /lead molar ratio appears to be 1.5 to 2.0 for both soils tested (USEPA.
1988a). EDTA was not effective in chelating metallic ead in the soils obtained from the Arcanum or
Lee's Farm sites.

EPA Test Program-

EPA recently completed a series of laboratory tests on soil and casing samples from metal
recycling sites. These tests were intended to determine, among other findings, the feasibility of using
soil washing to reduce lead contamination. The soil samples from these sites were subjected to bench-
scale washing cycles using water, EDTA, or a surfactant (Tide detergent), respectively. The resuits did
not augur success for battery breaker applications. Soil washing did not remove significant amounts of
lead from any of the soil fractions. The lead was not concentrated in any particular soil fraction but
rather was distributed among all the fractions. A comparison of lead concentrations in the wash waters
indicated that the EDTA wash performed better than the surfactant and water washes (PEl Associates,
Inc., 1989). While EDTA was reasonably effective in removing lead, Bureau of Mines researchers
observed that its effectiveness seemed to vary with the species of lead present (Schmidt, 1989). The
Bureau also feit that thers are a number of problems associated with EDTA's field application, such as
the following:

o} Cost of the reagent.

o] Extreme difficulties in filtering sands and silts.

e Complexity of recycling EDTA.
o] Variety of EDTA forms required (depending on the prevalence of various lead species).

Barth et al of EPA conducted a bench-scale study on contaminated soils from several battery
cracking sites across the United States. In this study, soil washing was used as a pretreatment before
solidification/stabilization (S/S). This treatment train approach is feasible because lead is more easily
separated from coarse size particles. S/S is then applied to the smaller volume of fine size particles.
Different washes of tap water (pH = 7), anionic surfactant (0.5%), and Na,EDTA (3:1 molar ratio),
respectively were used at a 10:1 (solution to soil) ratio for a 30-minute contact time. Results showed
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that the crelating wash soiution removed more lead from the raw sou than the water or surfactant
washes. However, the amount removed was insignificant compared to the total lead content. ~he
authors concluded that weathering time impacts the efficiency of separating contaminants from a soil
S/S was effective in reducing the mability of lead from the washed fines (Barth et al, 1990).

BOM Acid Leaching--

The Bureau of Mines (BOM) conducted bench-scale studies !¢ evaluate the performance of acid
'eaching solutions on lead in contaminated soil at battery recycling sites. They first subjected soil to an
ammoniacal leach containing ammonium carbonate and ammonium bisulfite. This converted the lead
species to lead carbonate, which would then be ieached with Auosilicic acid and the lead electrowon
from solution. While electrowinning the lead was feasible, its plant required a significant capital outlay.

Since the quantities of contaminated materials to be treated at a single site were reiatively smalil,
BOM decided to investigate the production of lead sulfate sludge instead of lead metal. In this case. the
soil would be subjected to carbonation followed by nitric acid leaching. This would be followed in turn
by the addition of sulfuric acid to precipitate the lead from the solution as lead sultate.

Table 15 shows some representative resuits from the Bureau of Mines test. The resuits indicated
that nitric acid solutions can achieve very high removal efficiencies for soil (greater than 99%) and an EP
Toxicity level less than 1 mg/L (Schmidt, 1989). For additional discussion on soil washing, see
Section 5.

413 R 1in i

There has been no actual field experience to date in the recycling of battery casings at lead
battery recycling sites. BOM-conducted, bench-scale treatability studies showed good removal
efficiencies (Table 16). The residual battery casing materials have an EP Toxicity lead concentration less
than 5 mg/L (Schmidt, 1989).

Three battery casing separation tests were performed on Gould Site materials. One test
employed equipment manufactured by MA Industries, Inc. and the other two equipment manufactured by
Poly-Cycle Industries, Inc. The two companies manufactured similar equipment. However, MA indus-
tries markets aquipment for battery breaking operations, while Poly-Cycle primarily deais only with the
already separated battery components. Each process is designed for spent batteries, not battery
components mixed with dirt and mud. The treatability results were as follows:

0 Separated plastic components failed the TCLP lead test. Ebonite failed badly, even after
washing with hydrochioric acid and deionized water.

o] A hydrochloric acid wash remaoved only a minor fraction of the lead contamination from
the piastic.

o A delonized water wash had little or no effect on the lead content.

These results indicate that lead is interstitial or bound into the solid plastic or ebonite matrix,
rather than surficial (Dames and Moore, 1988).

A number of commercial vendors were contacted about recycling the Gould, Inc. battery casings

(Tetta, 1589). Several of their facilities feed the ebonite casing component directly to a smeiting furnace
as a source of fuel and carbon. Most of the companies expressed reluctance becausa the amount of

4
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TABLE 15. REPRESENTATIVE RESULTS OF THE BUREAU OF MINES TREATABILITY TESTS

ON SELECTED SAMPLES OF BATTERY BREAKER SOIL WASTES

Average*
Common lead Total EP
lead total Leaching lead Toxicity
Site/waste speciles (ppm) method (Ppm) (mg/L)
United Scrap Lead sol Pb, PbSO,. PbO, 8,000-18,000 15% HNO,, 2-hr wash 200 <10
and 1% HNO,, 24-tv
soak
United Scrap Lead soll Pb, PbSO,, PbO, 8,000-18,000 80 g/L F*, 4-hr & 20 203 <10
g/L F*, 4-hr, 2-stage
wash, 1% HNO,, 24-hr
Soak
Arcanum soil Pb (6.6%). PbSO, 71,000 80 g/L F*, 4-hr, 50 C 334 026
& 20 g/L F*, 4-br,
50°C, 2-stage leach
and 1% HNO,, 24-hr
wash
Arcanum soill Pb (6.6%), PbSO, 71,000 15% HNO,, 2-hr, 50°C <250 ~01
leach and 1% HNO,,
50°C, 24-hr wash
C&R Battery Soil Sample B Pb, PbSO,, PbCO,, 71,000 15% HNQO,, 2-hr and 29 <01

PbO,

2% HNO,, 24-hr wash
and 1-hr water rinse

*No initial EP Toxicily data available

F* Fuosilicic acld

Source: Schmidt, 1989



TABLE 16. REPRESENTATIVE RESULTS OF THE BUREAU OF MINES TREATMENT TESTS ON

SELECTED CHIP SAMPLES OF BROKEN BATTERY CASING WASTES

Average®
" Common lead Total EP
lead total Leaching lead Toxicity
Site/waste species (ppm) method (ppm) (mg/L)
United Scrap lead PbSO,, Pb 3.000 0.5% HNO,, 1-hr, 86 <02
granulated chips 20°'C wash
Arcanum broken chips PbSO,, Pb 3.000 1% HNO,, 1ap wa- 210 ~35
ter, 50°C, 24-hr,
agitated
C&R Battery casing PbSO,, Pb 175,000 1% HNO, 4-hr, 277 015
chips wash and water
rinse
Gould buried casing PbCO,. PbSO, Ammonium carbon- 145 052
chips ale carbonaltion,
(broken) 1% HNO,, 20°C, 4-
hr wash
Rhone-Poulenc casing PbCO, 65,000 Calcium carbonate 516 Je8

chips (broken)

carbonation, 0.5%
HNO,, 20°C, 1-tr
wash

*No initial EP Toxicity data available.

Source: Schmidt, 1989



recoverabia lead in the Gould ebontte would be low and s recovery would lower their producticn
capacity (Tetta, 1989). Several developing processes should become capable of processing waste
battery piles and recovering valuabie materais. The success of a particular process wiil depend. in pan.
on how strongly the lead adheres to the ebonrte.

Canonie Environmental Services Corp. under contract to NL Industries. Inc. has developed a
proprietary process. They ciaim this process is capabie of recycling 75 percent of the materials at the
Gould site waste.
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SECTION 5

EVALUATING REMEDIAL ALTERNATIVES

5.1 REMEDIAL ACTION OBJECTIVES

At lead battery recycling sites, the general remedial action objective is to provide adequate
protection for the public and the environment against ingestion, direct contact, or inhalation through the
following:

o) Contact with contaminated soil, sludge, sediment, waste piles, buildings, structures,
and/or equipment;

0 Contaminated runoff from the site;

o] Potential use of contaminated groundwater;

o Contaminated airbome particulate emissions.

Site-specific remedial action objectives should refer to specific sources, contaminants, pathways,
and receptors.

5.2 DEVELOPING GENERAL RESPONSE ACTIONS

General response actions for iead battery recycling sites that potentially meet the remedial
action objectives have been identified. These actions are media-specific. They include no action, treat-
ment, containmemnt, removal, or any combination of thesa. Table 17 lists the general response actions
and associated remedial technologies proposed in presently available Ri/FS studies and RODs
according to each contaminated medium found at lead battery recycling sites. A list of contrac-
tors/vendors for several specific technologies is given in Table 18.

5.3 DEVELOPMENT AND SCREENING OF TECHNOLOGIES

Feasible remedial alternatives for CERCLA lead battery recycling sites for each medium of
concem will now be discussed in detal. (Appendix B [Table B-1] lists these aiternatives.) Each
tachnology will also be evaluated for six of the nine evaluation criteria developed by EPA: compliance
with ARARS; long-term effectiveness and permanence: reduction of toxicity, mobility, or volume; short-
term effectiveness; implementability; and cost. They are not, however, evaluated against overall
protection of human health and the environment, state acceptance, and community acceptance (the
other three EPA criteria).

Innovative technologies are “those technologies where limited available data on the performance
and/or cost inhibit their use for many Superfund types of applications (USEPA, 1991).° Currently, all
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TABLE 17. SUMMARY OF GENERAL RESPONSE ACTIONS AND ASSOCIATED REMEDIAL TECHNOLOGIES

COMMONLY PROPOSED FOR LEAD BATTERY RECYCLING SITES

Known lead

battery sites
including the
Medium General response action Remedial technology technology
Soil No action Environmental monitoring 4
Treatment Solidification/stabikization 9
Soil washing 2
Soil removal Excavation and off-site disposal in a RCRA landfilt 2
Capping
Containment 3
Gioundwater No action Gioundwater moniloning 4q
Treatment Pumping with precipitation/tiocculation/sedimentalion treatinent 3
on medium filtration 1
Waste piies Treatment On site washing with lead recovery 1
Removal ACRA landtili 2
Resouice recovery Recycling 3
Building, structures, and | No achion Boarding up structures All sitas
squipment
Demoiiion and disposal Oft site RCRA landhii 3
Decontamination Solvent or detergent washing 2
Pits, ponds, lagoons, Drainage control Drainage contiol measures All sites
surtace waler
Sediment Lreatment Sohdification/stabilization 3

Sediment removal

Mechanical diedging and off sile disposal in 8 RCRA landhll J




TABLE 18. CONTRACTOR/VENDOR LIST

Process Company name, location

Solidification/ stabslization ATW/Caidweid. Sante Fe Springs, CA

Bethiehemn Steel. Bethiehem, PA

Chemfix Technoiogies. inc.. Metairie. LA

Chemical Waste Management, Riverdale. IL

Ensite. Inc., Tucker. GA

Ensotecn. Inc., North Hollywood. CA

Envitite Field Services, Plymauth Meeting, PA
Geo-Con, Inc., Pittsburgh, PA

iM-Tech, Oakwood, TX

International Waste Technologies, Wichita, KS
Lopat Enterprises, Wanamassa, NJ

Maescorp, inc., Chicago, IL

Resource Recovery of America, Inc., Lakeland, FL
Separation and Recovery Systemas. Inc.. lrvine, CA
Silicate Technology Corp., Scottsdale, AZ
Soliditech, inc., Houston, TX

Solidtek Systems, Inc., Morrow, GA

ToxCo, Division of Thorne Environmental, inc., Anaheim, CA
‘Wastech, inc., Cak Ridge, TN

Westinghouss Hittman Nuclear, Inc., Columbia. MD

Sail washing Biotrol, inc.. Chaska, MN

Chapman. inc., Atlantic Highlands, NJ

Ecova Corporation, Redmond, WA

Harmon Environmental Services, Inc., Auburn, AL
QOzonics Recycling Corporation, Key Biscayne, FL
Waste-Tech Services, inc., Golden, CQO
Westinghouse Electric Corporation, Pittsburgh, PA

Acid leaching Bureau of Mines, Washington, DC
Precipitation/floccuiation/ ANDCO Environmental Process, Amherst, NY
sedimentation Carbon Air Services, Hopkins, MN

Chemical Waste Management, Riverdale, iL
Detox, Inc., Dayton, OH

Ensotech, Inc., North Hollywood, CA
Envirochem Waste Mgmt. Serv., Cary, NC
Rexnord Industries, Milwaukee, W1

Tetra Recovery System, Pittsburgh, PA

Recyciing

o Pretreatment Canonie Environmental Services Corp.

o General Waste exchanges (PIES Builetin Board)

o Lsag Smeiters (Appendix F)

o Plastic Battery case manufacturers

o Ebonite Cemaent kiing & power plants
e i

Sources: USEPA, 1988D; USEPA, 1988c; USEPA, 1987¢; and USEPA. 1990h
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source conrol technologies ~ with the exception of immobiiization of mast inorganics and .rc:rerat gn <t
maost organics — are innovative. With regard to groundwater remediation, ail in situ technoiogies far
remediating groundwater and source material are currently considered innovative. This section will
discuss potentially applicable innovative technologies that are sither in or selected for the SITE
demonstration program. The technologies will be discussed by medium (i.e., for soil: Biotrot. Inc. Sai
Washing, Geo Safe In Situ Vitification, in situ solidification/stabilization, Retech. inc. Plasma Reactor. ard
Babcock and Wicox Co. Cyclone Fumace: for groundwater: Bio-Recovery Systems. Inc. Biological
Sorption and Colorado School of Mines' Weatlands-Based Treatment: and for waste piles: Horsehead
Resource Development Co., Inc. Flame Reactor and Risk Reduction Engineering Laboratory Debris
Washing System).

§.3.1 No Action

The no action aiternative provides a baseline against which other altemnatives can be compared.
This ajternative contains no remedial action yet it does involve snvironmentai monitoring and institutional
restrictions such as site fencing, deed restrictions, restrictions on groundwater usage, waming against
excavation, and public awareness programs.

Periodic groundwater monitoring is conducted throughout the area of potential contamination
using on-site/off-site monitoring welis and, possibly, nearby residential wells. it evaluates the migration
of contaminants and the potential for contamination of nearby residential wells. In addition, sampling of
surface water and soil/sediment are conducted to monitor off-site transport of contaminants via surface
water runoff, erosion, and fugitive dust.

Advantages:

o] None. However periodic monitoring of groundwater provides a waming mechanism
against future contaminant concentrations and possible migration from the site.

Disadvantages:

o} No treatment or engineering control is exercised. Therefore risks due to direct contact.
ingestion and inhalation remain.

o] Neither toxicity, mobiity, nor volume of contaminants is reduced.

o} There may be a time lag between contaminant migration and detection.

$.3.2 Contamingted Medium: Soil
Overview-
o The RPM should be aware that no full-scale, innovative technologies have yet been

applied at isad battery recycling sites. However, prior to completion of this report, novel
(non-cement based) solidification operations to achieve very low aliowable leachate
lovels were planned for sites at Lee's Farm, Wisconsin and Cedartown Battery, Georgia.

o] Cament-based solidification has been most widely used/tested S/S technology.
o Sol washing/acid leaching — in particular the BOM process -~ shows promise. Howev-

or, &t stil remains to be proven in a pilot-scale unit. Its planned impiementation at the
USL and Arcanum sites in Ohio should provide valuabile information on the process.
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o] Excavation and off-ste disposal has been practiced in the past. However. T wil not
continue (due to Land Disposal Restrictions), uniess the contaminated matenals are
treated prior to disposal.

o] Capping has been proposed for some sites with low contamination levels.

Lead is the primary contaminant found in soid at lead battery recycling sites. Other heavy metals
such as antimony, cadmium, copper, arsenic, and selenium are sometimes present, but normaity only in
trace concentrations. Lead-contaminated soils are a RCRA characteristic waste if the TCLP lead level is
greater than 5.0 mg/L. To ensure protection of personnel and the community, a heaith-based action
level must be developed at lead battery recycling sites.

in accordance with OSWER Directive #9355.4-02, ARARS are not available for lead in soil, and
therefore, a soil cleanup range of 500 to 1,000 mg/kg established by the Center for Disease Control
(1985) — based on chidhood lead poisoning —~ has been adopted as a technical directive (USEPA,
1989¢). This OSWER directive is currently undergoing review and may be revised. Different action
leveis have been implemented at specific sites under varying site conditions. (See Table 6.)

Sediments and sludges from pits, ponds, lagoons, and surface water are generally treated with
contaminated soils at lead battery recycling sites.

5.3.2.1 Solidification/Stabilization of Soil (S/S)-

Solidification processes produce monolithic blocks of waste with high structural integrity. The
contaminants do not necessarily interact chemically with the solidification reagents (typically ce-
ment/lime) but are mechanicaily locked within the solidified matrix. Stabiization methods usually invoive
the addition of materials such as fly ash or blast fumace slag which limit the solubility or mobility of
waste constituents — even though the physical handling characteristics of the waste may not be changed
or improved (USEPA, 1982). Methods involving S/S techniques are often proposed in RODs and Ri/FSs
for lead battery recycling sites. Solidification/stabilization of contaminated soil can be. conducted either
in situ or ex situ. [n situ S/S techniques are now considered innovative and are discussed !ater in this
section.

Usually S/S encompasses axcavating the surface and subsurface soils contaminated with lead
and treating them with a pozzoianic stabilization process. if the treated sod no longer displays the TCLP
toxicity characteristic for leaa. :an be deposited off-site in a local industrial or sanitary landfill or in an
on-site landfill. If the treated sc« complies with RCRA land disposal restrictions [40 CFR 268), it can be
deposited in a RCRA landfil.

The most common processes used at lead battery recycling sites employ portiand cement or
lime pozzolans. S/S involves mbdng the contaminated soi with poriand cement and/or lime along with
other binders such as fly ash or silicate reagents to produce a strong, monolithic mass. Cement is
generally suitable for immobilizing metals (such as lead, antimony, cadmium, and nickel) which are
found at lead battery recyciing sites. Because the pH of the cement mixture is high (approximately 12),
most muitivalent cations are converted into insoluble hydroxides or carbonates. They are then resistant
to leaching. Arsenic does not form insoluble hydroxides or carbonates. Some metals like lead, nicke!,
etc. have increased soiubiiity at the very high pHs that occur in the cement hydration reaction. For
example, during the S/S processing of lead with cement, the iead is most likely converted into its least
soluble form, namely lead hydroxide (Pb(OH),). On the other hand, when a weak acid-slurry salt such
as sodium siicate (Na,SIO,) is added, the sait undergoes hydrolysis and increases the OH concentra-
tion drastically. This resuits in the formation of PbO,” which can leach out easily. Therefore, pH is the
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xay process variable to control (Barth et al, 1990). This effect 1s imporant wnen fignly aikaiire .ncers
are used. However, metal hydroxides and carbonates are insoluble only over a narrow pH range: they
are subject to leaching and soiubilization in the presence of even mildly acidic leaching solutions. such
as rain (USEPA, 1985c). Therefore, the solidified waste must be capped or deposited in a landfill. S, S
increases the weight and volume of the original material from 10 to 100%, thereby increasing transporta-
tion and disposal costs. The actual increase in volume should be vertfied during treatability studies.

Critical parameters in stabilization treatment include the selection of stabilizing agents and other
additives. the waste-to-additive ratio, and the mixing and curing conditions. All these parameters depend
on the chemical and physical characteristics of the waste. Bench-scale treatability tests are required to
select the proper additives ratios and curing times. Leaching and compressive strength tests determine
the integrity of the end product. Numerous leaching tests have been developed to test solid wastes,
including the American Nuclear Society leach tests (ANS 16.1), and the Dynamic Leach Test (DLT)
developed especiaily for hazardous wastes. More detadl can be obtained from Stabilization/Solidification
of CERCLA and RCRA Wastes: Physical Tests, Chemical Testing Procedures, Technology Screening,
and Field Activities (USEPA, 1989a).

Advantages:

o] It reduces the migration of lead.

0 Treatment is relatively inexpensive.

o Solid product can be prepared by careful selection of material.

o Mixing equipment is readily availabie.

o Technology is suitable for immobilizing heavy metals, such as lead at lead battery
recycling sites.

o) Additives are readily available.
Disadvantages:

0 it increases volume of treated material.
Problems and Concems:

o] Secondary containment may be needed becausa lead, still present, may migrate with
time. No long-term data is available at this time.

] Undesirable chemical reactions can occur. Material compatibility must be investigated.

o Large amounts of dissolved sulfate saits or metallic anions in wastes (e.g., arsenates and
borstes) hamper solidification and concrete stability.

o Organic matter, lignite, sit, or clay in wastes increases setting time and can lead to
materials handling and mixing complications.

o Ol and grease interfere with bonding by coating the waste particles.



TABLE 19. SUMMARY OF EPA EVALUATION CRITERIA OF REMEDIAL TECHNOLOGIES FOR SOIL
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TABLE 19. (continued)
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TABLE 19. (continued)
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Successful S,S of sod woulid achieve a remedial action objective by protecting the putiic neain
from ingestion and inhalation of contaminated soil. and by inhibiting the migration of lead and other
cortaminants to groundwater and off-site. This technology is a RCRA Land Disposal Restriction Sest
Demonstrated Avaiabie Technology (BOAT) to treat tead-contaminated wastes (D008 wastes). Table 19
summarizes the EPA evaluation criteria for technologres that remediate soid used at sites with completed
R'/JFS or RODs.

Two specific in situ S/S techniques, studied under the SITE Program, hold promise for lead
battery recycling sites.

International Waste Technologies/Geo-Con, Inc. In Situ Solidification/Stabilization
Process—This in situ sotidification/stabilization technology immobilizes organic and inorganic com-
pounds in wet or dry soils, using additives to produce a cementdike mass. The basic components of
this technology are: Geo-Con's deep soil mixing system (DSM) which delivers and mixes the chemicals
with the soit In situ; and a batch mixing plant to supply the International Waste Technologies (IWT)
proprietary treatment chemicals.

The IWT technology can be applied to soils, sediments, and sludges contaminated with organic
compounds and metals. The technology has been laboratory-tested on soils containing pentachliorophe-
nol (PCP), polychiorinated biphenyls (PCBs), refinery wastes, and chiorinated or nitrated hydrocarbons.

The DSM system can be used in aimost any soil type. However, mixing time increases in
proportion with fines. It can be used below the water table and in soft rock formations. Large
obstructions must be avoided. The SITE Demonstration ot this technology occurred in April, 1988.

S.M.W. Seiko, Iinc. In Situ Solidification/Stabilization—The Soil-Cement Mixing Wall (S.M.W))
technology developed by Seiko, Inc. involves the in situ stabillzation and solidification of contaminated
soils. Muitl-axis, overlapping, hollow-stem augers are used to inject solidification/stabilization agents
and blend them with contaminated sods in situ. The product is a monalithic block down to the treatment
depth. This technology applies to soils contaminated with metals and semi-volatile organic compounds.
This project was accepted into the SITE Demonstration Program in June 1989. Site selection is
currently underway.

5.3.2.2 Soil Washing/Acid Leaching—-

Soil washing is a water-based process for mechanically scrubbing soils ex situ to remove
undesirable contaminants. The process removes contaminants from soils in one of two ways: by
dissoiving or suspending them in the wash solution or by concentrating them into a smaller volume of
soll through simple particie size separation techniques. Acid leaching dissolves contaminants by
lowering the pH of the system.

This technology excavates the lead-contaminated soid, washing the lead on-site with a soiution
(such as nitric acid or EDTA), and retuming the treated soil to the site for disposal in the excavation
area. There is limited fleid experience with the washing of excavated soil at lead battery recycling sites.
(See Section 4.1.2.) EDTA was used as part of an EPA emergency response at Lee's farm in Wisconsin
with {ess than satisfactory resuits due t0 materials handling and other process-related problems, such as
wastewater treatment, fitering of the sand and silts, incompatibility of processing equipment with EDTA
(Weston-Sper, 1988). Bench-scale treatabillty studies performed at three lead battery recycling sites
(C&R Battery, VA; and United Scrap Lead and Arcanum, OH) by the U.S. Bureau of Mines showed high
removal efficiencies for lead using nitric acid. One of the limitations of soil washing as a viable
alternative concems the physical nature of the soi. Soils which are high in clay, silt, or fines have
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proven arfficult to treat. Bench-and pilot-scale testing must te performed prior 10 implementaticn "~ 5
technology requires significant development. |t is classified as emerging or innovative n the United
States. Nevertheless, it is used extensively in Europe. More details on non-U.S. processes can be
obtained from Treatment Technology Bulletin: Soil Washing (USEPA, 1990¢). This document is
currently in draft form, with final edition expected in 1991.

Figure 3 describes the U.S. Bureau of Mines Acid Leaching Process. Fine sail is subjected t0 a
carbonation: step, using ammonium carbonate solution. Ammonium bisulfite (NH,HSO,) is also added ‘o
convert PbO, in the soil to PbSO,; the PbSO, is, in turn, convertad to PHCO, by the ammonium car-
bonate ((NH,),CO,). The mix is heated and agitated to precipitate the lead as acid-soluble lead car-
bonate. The carbonated soil is washed in a nitric acid solution to solubilize the lead carbonate. The mix
is fiitered, rinsed, and conveyed to acid soak tanks where lead sulfate is precipitated by suifuric acid
{Schmidt, 1989). There is a market for lead sulfate. The clean soi is stored or returned to the site.
Waste streams from the washing system require further treatment before final discharge. Some active
lead battery recyciing sites have on-site industrial wastewater treatment systems that may be able to
receive these waste streams.

Bench- and laboratory-scale treatability tests, as discussed in Section 4, would determine the
type of washing solution, optimum concentration, optimum reaction time, potential methods of
regeneration, and other wastewater treatment requirements. Soil washing produces large amounts of
contaminated water requiring treatment. (

Advantages:

o] Volume of the contaminant mass is reduced.

o] Recyciable lead product from acid leaching can partially offset the cost of treatment.

Disadvantages:

o Soi washing and acid leaching are still in the bench-scale development stage.

o Soils which are high In clay, sit, and/or humic material have proven difficuit to treat.

o] Workers must be trained to handle acids for the acid leaching process.

o Specialized acid-resistant equipment must be used for the acid leaching process.

Problems and Concems:

o Mineralogical characteristics of soil and previous soil treatment (e.g., neutralization) can
have detrimental effects on process reactions and usage of reagents.

o Laboratory and pilot testing are necessary to determine feasibility.

o Effuent from soil washing systems require further treatment before final discharge. It
resgents ars expensive and are not recyclable, they will increase treatment costs.

o Lead suifate siudge may require further treatment before sale.
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Biotrol, Inc. Soil Washing—-The Biotrol Scil wWashing System is a water-cased. voiume-requci.cn
process for treating excavated sod. The objective of this process is to concentrate the contaminants .n a
smaller volume of material separate from a washed soil product. The efficiency of soi washing can be
improved using surfactants, detergents, chelating agents, pH adjustment, or heat. This technology is
applicable to soils contaminated with polyaromatic hydrocarbons (PAHs), PCP, pesticides, PCBs. varous
industrial chefmicais, and metals. This process was demonstrated under the SITE program in 1989 for
soil contaminated with PCP and PAHS from the MacGillis & Gibbs Superfund Site in New Brighton,
Minnesota.

5.3.2.3 Soil Excavation and Off-Site Disposai

Excavation and removal of contaminated soil to a RCRA landfill. have been performed exten-
sively at lead battery recycling stes. Off-site disposal must be done in a RCRA landfill. Landfilling of
hazardous materials is becoming increasingly difficult and expensive due to growing requilatory control.

Excavation and removal are applicable to aimost all site conditions, aithough they may be cost-
prohibitive for sites with large volumes, greater depths or compiex hydrogeologic environments.
Determining the feasibility of off-site disposal requires knowledge of land disposal restrictions (See
Section 2.4) and other regulations developed by state governments. Excavation can be accomplished
by a wide variety of conventional equipment such as backhoes, cranes. zraglines, clamsheils, dozers,
and loaders. The hauling equipment inciudes scrapers, haulers, dredges, dozers, and loaders. Fugitive (
dusts from excavation are commonly controlled by chemical dust suppressants, wind screens, water
spraying, and other dust control measures (e.g., maintaining a favorable slope).

Advantages:

o Engineering control is achieved.

o Contamination is eliminated at the site.

o] There is no need for long-term monitoring.

o] it is capable of combination with almost any other remedial
technology.

Disadvantages:

o Costs associated with off-site disposal are high.

o Short-term impacts such as fugitive dust emissions are a major
concem.

o Comtamination is transferred to another location.
Problems and Concems:

o The location of the RCRA-compiliant landfill, to which the excavated soi would be
transported, has a substantial impact on cost.

o] Without treatment, this technology may not meet RCRA land disposal restrictions.



5.3.2.4 Soil Capping-

Capping involves the installation of an impermeabile barrier aver the contaminated soil to restnct
access and reduce infitration of water into the soil. A variaty of cap designs and materials are avaiable.
Most designs are muiti-layered to conform with the performance standards in 40 CFR 264.310 which
addresses RCRA landfil ciosure requirements. However, single-ayered designs are used for special
purposes at lead battery recycling sites, for exampie, when treated soi is backfiilled into an excavated
area. Low permeability clays and synthetic membranes are commonty used. They can be covered with
top soil and vegetated to protect them from weathering and erosion. Soi materials are readily availabie.
and synthetic materials are widely manufactured and distributed.

The selection of capping matsrials and a cap design are influenced by specific factors such as
local availability and cost of cover materials, functions of these materials, the nature of the waste being
covered, local climate, site hydrogeology, and the projected future use of the site.

There are two basic capping designs: muitilayered and singledayered. The ACRA land disposal
regulations of 40 CFR, Subparts K through N require multidayered caps. The statute describes the
proper design: a three-ayered system consisting of 1) a low permeability layer, 2) a drainage layer, and
3) an upper vegetative layer (USEPA, 1985b).

For the first 20 years of service, a properly installed cap generally performs well. However. it
should be inspected on a regular basis for signs of erosion, settlement, or subsidence - and restored as
necessary. In addition, associated groundwater monitoring weils must be maintained and sampied
periodically.

Advantages:
0 Engineering control (containment) is achieved.
o] It presents a more economical alternative than excavation and removal of wastes.

o] The technology reliably seals off contamination.

o] Sol materials are readily available.

o} Synthetic materials are widely manufactured and distributed.

Disadvantages:

o It does not remove contamination.

o] it establishes need for long-term maintenance.

o Deeign life is uncertain.

o Long-term monitoring is required.

Problems and Concems:

o Periodic inspection and maintenance (i.e., mowing, reseeding, resealing) are needed to
assure a cap'’s long-term integrity.
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The cost of a cap depends on the type and amount of materais selected. the thickness of 2acn
‘ayer. and the region. Table 20 presents the general material and installation costs for caps larger than
10 acres. !n a recent RCRA Part B permit application for a 4-acre hazardous waste landfiil. the installed
cost of a muitidayered cap was estimated at $5.45/ft°. The design for this cap included 3 ft of top soil,
overlying a 1-ft sand layer, overlying 1 ft of compacted clay, overlying a 30-mil High Density Polyethylene
(HDPE) liner, overtying 2 ft of compacted clay (USEPA, 1985b).

5.3.2.5 In Situ Vitrification—

Contaminated soils are converted into chemically inert, stable glass and crystalline materiais by
a thermal treatment process. Large electrodes are inserted into soil containing significant levels of
silicates. Becausa soil typically has low conductivity, flaked graphite and glass frit are placed on the soil
surface between the electrodes to provide a starter path for electric current. A high current passes
through the electrodes and graphite. The heat meits contaminants, gradually working downward
through the soil. Volatile compounds are collected at the surface for treatment. After the process ends
and the soill has cooled, the waste material remains fused in a chemically inert and crystalline form that
has very low leachability rates. This process can be used to remove organics and/or immobilize
inorganics in contaminated soils or sludges. It has not yet been applied at a Superfund site. However,
it has been field demonstrated on radioactive wastes at the DOE’s Hanford Nuclear Reservation by the
Geosafe Corporation.

(

Advantages:

0 Technology is suitable for immobilizing heavy metals.

o Resuiting vitrified mass is effectively inert and impermeabile.
Disadvantages:
o] The process is enerQy intensive and often requires temperatures up to 2500°F for fusion

and meiting of the waste matrix.
o Special equipment and trained personnel are required.
o The technology has not been demonstrated for heavy metals yet.
Problems and Concems:
o Water in the soil affects operational time and increases the total costs of the process.

0 The technology has the potential to cause some contaminants to volatilize and migrate
to the outside boundaries of the treatment area.

5.3.2.8 Other innovative Processes--

Retech, inc. Plasma Reactor-This thermal treatment technology uses heat from a plasma torch
to create a moiten bath that detaxifies contaminants in soi. Organic contaminants vaporize and react at
very high temperatures to form innocuous products. Solids meit into the moiten bath. Metals remain in
this phase, which - when cooled - forms a non-eachable matrix.



TABLE 20. 1990 UNIT COSTS ASSOCIATED WITH CAPPING DISPOSAL SITES

Element Cost*
Clearing and grubbing $1.227.00/acre
Excavation $1.78/yd’
Earthfill
Berms and levees $2.34/yd’
Soil liners $3.46/yd’
Backfil $3.46/yd’
Soil import
Drainage sand $11.71/yd?
Drainage rock (rounded) $11.71/yd?
Soil placement $1.12/yd’
Vegetation, muich, and hydroseed $1,227.00/acre
Geotextile fabrics $1.12 - $3.48/yd?
Bentonite admix (2-9 Ibs/yd’)° $0.22 - $1.23/1¢
Membrane liners
Nonreinforced
30 mi PVC $0.28 - $0.39/1?
30 mil CPE $0.39 - $0.50/1
30 mil Butyl/EPOM $0.50 - $0.61/1%
30 mil Neoprene $0.78 - $0.89/f¢
100 mi HOPE $1.23 - $1.78/f2
Reinforced
36 mil Hypalon (CSPER) $0.56 - $0.67/f*
60 mil Hypalon (CSPER) $0.89 - $1.12/16
36 mil Hypalon $0.56 - $0.67/f¢
installation, exciuding earthwork $0.67 - $1.34/1

*Based on costs for a 400,000 ft? area (USEPA, 1985b) as updated by construction, labor, and material

cost indices in Engineering News Record 1985 and 1990.
°incliudes mixdng and placing.

PVC - poltyvinyl chioride

CPE - chiorinated polyethylene

EPDM - ethylene-propylene-diene-monomer
CSPER - chiorosulfonated polyethytyene (reinforced)



This technology can treat botn liquid and solid organic ccmpounds. It is most agpropnate ‘cr
souds and siudges contaminated with metals and hard-to-destroy organic compounds. A demonstraticn
is planned in late 1990 at a Department of Energy resaarch facility in 8utte, Montana.

Babcock and Wilcox Co. Cyclone Furnace Process—This cyclone furnace technology is
designed to decontaminate wastes containing both organic and metal contaminants. The cyclone
furnace retains heavy metals in a non-eachable slag and vaporizes arganic materials prior to incinerating
them.

The treated soils resemble natural obsidian (volcanic glass). similar to the final product of
vitrification.

This technology is applicable to solids and soil contaminated with organic compounds and
metals. Babcock and Wilcox are developing this process under the SITE Emerging Technologies
Program.

5.3.3 Contaminated Medium: Groundwater—

Treatments using precipitation/flocculation/sedimentation and ion exchange are often consid-
ered for remediation of lead battery recycling sites. (

Groundwater contamination at lead battery recycling sites is primarily caused by lead and other
heavy metais such as cadmium, chromium, arsenic, and antimony. Very often the levels of these
contaminants are below detection limits. Lead contamination above 15 ug/L in groundwater is
considered a health threat. Groundwater treatments such as precipitation/flocculation/sedimentation,
ion exchange, and ion medium fitration have been recommended in RODs and RI/FSs. ion medium
fitration, referred to as the “‘metal grabber’ process, is based on passing metal-contaminated water
through a medium that selectively binds cations. Unlike an ion exchange bed, the unit is a disposable
canister containing a granular solid medium instead of a regenerable resin. lon medium filtration is still
in pilot-scale development (Woodward-Clyde Consuitants, 1988); therefore, it will not be further
discussed as an available remedy. :

Contaminated water from pits, ponds, and lagoons is typically pumped and treated together with
groundwater.

Contaminated groundwater can be treated on-site and then discharged either to a publicly
owned treatment works (POTW), to a surface water body, or into the ground. Some active lead battery
recyciing sites may have on-site industrial wastewater treatment systems that can receive groundwater.
A NPDES permit would be required for surface water discharge. Table 21 summarizes EPA evaluation
criteria of remedial altematives for groundwater.

5.3.3.1 Precipitation/Flocculation/Sedimentation-—

_ The combination of precipitation/flocculation/sedimentation is a weil-established technology with
specific operating parameters for metals removal from groundwater. This technology pumps ground-
water through ®xdraction weils and then treats it to precipitate lead and other heavy metals. Typical
removal of metals employs precipitation with hydroxides, carbonates, or sulfides. Hydroxide precipita-
tion with lime is the most common choice. Generally lime, soda ash, or sodium sulfide is added to
water in a rapid-mixing tank along with flocculating agents such as alum, lime, and various iron salts.
This mbcture then flows to a flocculation chamber that aggiomerates particles, which are then separated
from the liquid phase in a sedimentation chamber. Other physical processes, such as filtration, may
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TABLE 21. SUMMARY OF EPA EVALUATION CRITERIA OF REMEDIAL
TECHNOLOGIES FOR GROUNDWATER
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‘ollow. Metal suifides exnibt signdficantly lcwer soiubility than their nydroxide counterpars. acriewe maora
complete precipration, and provide stability over a broad pH range (Figure 4). At a pH of 4.5, sulfide
precipitation can achieve the EPA-recommended standard for potable water (i.e., 15 ug/L). Sulfide
precipitation ~ often effective — can be considerably more expensive than hydroxide precipitation, due to
higher chemical costs and increased process complexity. The precipitated solids would then be hancled
in a manner similar to contaminated soils. The supematant would be discharged to a nearby stream or
to a POTW.

Selection of the most suitable precipitate or flocculant. optimum pH, rapid mix requirements, and
most efficient dosages is determined through laboratory jar test studies.

Groundwater pumping and treatment would require a longer time span - depending on the
surface area of the contaminated aquifer, its porosity, and its hydraulic conductivity. Models can
estimate the time required to restore the water in a contaminated aquifer to a desired cleanup level for a
given chemical (USEPA, 1990g). At Westemn Procassing in Kent, Washington, a feasibility study
concluded that the pumping and treating process would take up to 120 years (CH2M Hill, 1985); at the
Sapp Battery Site, Florida, it wouid take only 7 years (Ecology and Environment, 1987).

Advantages:
o] Treatment of contaminated groundwater is achigved.

o Technologies are well established.

o] Operating parameters have been defined.

o] Equipment is readily available and easy to operate.

o This process can be easily integrated into more complax treatment systems.
Disadvantages:

o] Siudge must be sent for proper disposal.

o This technology requires a refatively longer time period.

Problems and Concems:
o] Sludge residues may be hazardous; they may require further treatment before disposal.
5.3.3.2 lon Exchange—

lon exchange is a process whereby the taxic ions are removed from the aqueous phase in an
exchange with reistively harmiess lons heid by the ion exchange material. Modemn ion exchange resins
consist of synthetic organic materials containing ionic functional groups to which exchangeable ions are
attached. These synthetic resins are structurally stabie and exhibit a high exchange capacity. They can
be tailored to show selectivity towards specific ions. The exchange reaction is reversible and concentra-
tion-dependent; the exchange resins are regenerable for reuse. All metailic elements — when present as
soluble species, either anionic or cationic ~ can be removed by ion exchange.

A practical upper concentration limit for ion exchange is about 2,500 to 4,000 mg/L. A higher
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Suspended solids in the feed stream should contain less than 50 mg,/L to prevent piugging the resins.
Specific 1on exchange systems must be designed on a case-by-case basis (USEPA, 1986b).

Advantages:

o Technologies are weil established.

o} lon exchange systems are commarcially available.

o] Units are relatively compact and not energy intensive.
Disadvantages:

0 Technology requires a skilled operator.

Problems and Concems:

o . Solution used to regenerate contaminated exchange resins must be sent for proper
disposal via posttreatment.

o] Regenerating chemical must be compatible with the waste being
treated.

o Resins must be regenerated.

o Spent resin containing contaminant (e.g., lead) requires RCRA
disposal.

5.3.3.3 Other innovative Processes-—-

The Bio-Recovery Systems, Inc. Blological Sorption Process--Bio-Recovery Systems. Inc. in
Las Cruces, New Mexico is testing AlgaSORB", a new technology for the removal and recovery of heavy
metal ions from groundwater. This biological sorption process is based on the affinity of algae cell walls
for heavy metal ions. This technology is baing tested for the removal of metal ions that are “hard” or
contain high levels of dissolved solids from groundwater or surface leachates. This process can remove
heavy metals including lead. This process is being developed under the SITE Emerging Technologies
Program. -

Colorado School of Mines’ Wetlands-Based Treatment--This wetlands-based treatment uses
naturai biclogical and geochemical processes inherent in man-made wetlands to accumulate and
remove metals from contaminated water. The treatment system incorporates principal ecosystem
components from wetlands, such as organic soils, microbial fauna, algae, and vascular plants.

Waters contaminated with high metal concentrations and have a low pH flow through the
aerobic and anaerobic zones of the wetland ecosystem. The metals can be removed by filtration, ion
exchange, adsorption, absorption, and precipitation through geochemical and microbial oxidation and
reduction.



The Coiorado School of Mines has entered this process in tha SITE Emerging Tecrrc.2ges
Program.

4 M : W, il

Waste pile removal and off-site disposal have been practiced in the past but probabiy wiil not
continue due to Land Disposal Restrictions (LDRs), unless the materials are treated prior to disposal.

Recycling of waste piles, in particular the process developed by Canonie Environmental ang
sponsored by NL Industries for the Gould Site shows promise. However, it still remains to be proven in
a field-scale unit.

Waste piles at lead battery recycling sites are usually by-products from recycling operations.
These waste piles can be broken down into several components: battery casings (made of hard rubber,
ebonite, or polypropylene), battery internal components, matte (a metallic sulfide waste containing iron
and lead), slag, and contaminated debris (see Appendix B). They are contaminated with lead and other
heavy metals such as cadmium, chromium, antimony, and arsanic.

Four aiternatives are considered as treatments in presently available RODs and RI/FSs: no
action, washing, recycling, and removal for off-site disposal. Recycling separates the primary source
materials into lead fines. plastics, ebonite, and sliudge. Lead fines are potentially marketable. Plastic can
be recycled; battery case manufacturers already use this product. Although ebonite has no current
market, it has been previously used in other applications such as in fence posts, oil-drilling liquids,
asphalt aggregate, and lead smeiter fuel. The possibility of using ebonite from the Gould Site as fuel for
cement kilns or coal-buming power plants is currently being assessed. A lead smeiter can be used to
recover lead from sludge. Smeiter feed requires lead content of at least 27%. Appendix F lists the
primary and secondary lead smelters in the U.S. Table 22 summarizes EPA evaluation criteria of
remedial technologies for waste pies.

5.3.4.1 Waste Plle Removal and Off-Site Disposal-

The combination of waste pile removal and off-site disposal encompasses excavation, removal,
transportation, and disposal off-site — in a RCRA-compiiant iandfil. The RCRA-compliant landfill must
meet all regulatory requirements for isolation of contaminated materials from the environment through
the use of impervious liners, clays, and other RCRA design features. Landfilling of hazardous materials
is becoming increasingly difficult and expensive due to growing regulatory control. LDRs now require
treatment of waste to reducs lead in TCLP leachate below 5 mg/L (or to the level prescribed in a
treatability variance) prior to disposal. The technologies proposed for excavation and off-site disposal
have been demonstrated; they are commercially available. Excavation and removai can totally eliminate
both contamination at a site and the need for long-term monitoring.

o This remedy eliminates the contamination at the site.
o There is no need for long-term monitoring.

o Treatment can be used in combination with other remedial
technologies.
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TABLE 22. SUMMARY OF EPA EVALUATION CRITERIA OF REMEDIAL TECHNOLOGIES FOR WASTE PILES
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TABLE 22. (continued)
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Z.sagvantages:

0 Costs associated with RCRA off-site disposal are high.
o] Fugitive dust control may be expensive.

Problems and Concemns:

o) The location of the RCRA-compliant landfill, to which the contents of waste piles would
be transported, has a substantial impact on cost.

o LDRs may affect the implementability.
5.3.4.2 Recycling of Battery Casings-

This alternative comprises excavation of the waste piles, followed by on-site separation of battery
casing fragments. Separation is followed by recycling (possibly off-site) of those components that can
be recycied. RCRA off-site disposal of hazardous non-recyctable components, and on-site disposal of
nonhazardous components. During recycling the mixed primary source materials are separated into
components of lead fines, plastic, and ebonite.

Waste Pile Washing via BOM Process-This technology, developed by the Bureau of Mines, is (
similar to acid leaching of soil but somewhat less complicated. Howaever, it is unproven and requires
testing to determine its feasibility. In this process, battery casings are washed with a leaching agent
such as nitric acid to remove lead. Bench-scale treatability studies shown in Table 16, performed on
battery casings at the C&R Lead Battery Site, showed good removal efficiencies. Samples of residual
battery casing materials, after leaching, had an EP Toxicity lead concentration of less than 5 mg/L
(Schmidt, 1989 and NUS, 1990).

Figure S shows the U.S. Bureau of Mines process. The waste pile is first screened and washed.
The siudge washed from the plastic/ebonite casings is recovered as a by-product. The casings are then
subjected to a carbonation step, followed by granulation, and recovery of the metallic lead particles.

The casings are then subjected to a nitric acid leach, followed by the addition of sulfuric acid to
precipitate the lead in solution as lead sulfate, which is sold as a by-product. The cleaned pilastic casing
chips can be sold to a plastic manufacturer for recycling.

Bench- and pilot-scaie treatability studies must be conducted to determine the feasibility of this
technology.

Advantages:

] Usable by-products (lead and plastic) may be recovered.

Disadvantages:

o] Plot- and full-scale treatment is unproven.

Problems and Concems:

o Laboratory and pilot-scale testing are necessary to determine technical/economic

feasibiity.
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Figure 5. Bureau of Mines battery casing washing process.
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b Effluents from washing systems require post-treatment ang, or RCRA aisposai.

Canonie Recycling Process—Canonie Environmental Services Corp. under contract 1o NL
Industries, inc. has deveioped a proprietary process for remediating lead battery and smeiting wastes at
the Gould Site in Portland, Oregon (Canonie Environmental, undated). The process uses a liberation
and separation approach to separate the waste materals into recyclable and nonrecyciable products.
The process operatas principally with water; t does not import toxic chemicals to the site. The
recvciable products consist of:

o Materials with a lead content sufficiently high for recycling, and
o Cleaned materials such as plastic and ebonite that will pass the EP Toxicity test for lead.
0 The materials that cannot be cleaned to pass the EP Toxicity test for lead and do not

contain sufficient 1ead for recycling are considered “nonrecyciable”.

The process is shown schematically in Figure 6. The battery casing is crushed and washed in
the first stage. The fines are screened from the washed material, the solids are separated from the water
in a settling tank, and the settled pulp is filtered from the solution. These materials are the filter cake
that will typically contain more than 40% lead and less than 30% moisture.

Following the first wash, the screen oversize is fed to a gravity separation device. This system
separates the plastic and ebonite in the waste from fumace products, rocks, and trash excavated with
the waste. The trash products are collected and stabilized for on-site disposal or off-site disposal in a
Class i landfill.

The ebonite and plastic material passes to the second wash stage where the residual amounts
of lead contamination are removed. The second wash is specifically designed to clean these materials
s0 that they will pass the EP Toxicity test for lead. The cleaned material will typically contain between
100 and 500 ppm total lead.

Performance at the Gould Site-The Gould site contains approximately 117,500 tons of waste.
Canonie claims that its process there could produce approximately 80,500 tons of recyciable materials
and 37.000 tons of material for stabilization and subsequent on-site disposal. At other sites, the amount
of recyciable material may vary according to site history and use (Canonie Environmental, undated).

Advantages:

o] Process operates principally with water; it does not bring toxic chemicals on-site.

o] It reduces the quantity of material of hazardous waste that must be sent for disposal.

o It can obtain from the waste a product with a higher economic value than the waste.

Disadvantages:

o Wastes must be property disposed.

o] Effluent from washing systems requires further treatment before discharge.
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Prooiems and Concems:
o] The technology s still developmental.
o The market for clean ebonite should be confirmed.

Commercial Recycling Operations—-PE] conducted a study for USEPA to evaluate commercial
recycling as a remedial alternative for battery casing contamination at the Gould site in Portland,
Oregon. it identified seven companies with recycling capabilities (Arca Engineering, DelLatte Metals.
Engitec Impianti, Galena industries, interstate Lead Ca., M.A. Industries, and Poly-Cycle industries).
Table 23 lists the companies and summarizes pertinent data about their six processes, such as the wash
solutions and the final lead content of the recycled ebonite. Arca Engineering and Galena Industries use
the Cal West equipment. None of the seven companies, with the possible exception of those using the
Cal West equipment, were reported to have successfully separated a waste battery pile and produced an
ebonite product that meets the EP Toxicity standard for lead. Cleaning battery wastes from a Superfund
site is difficuit for the following reasons:

o] The presence of rock and slag that must be removed to avoid damaging the process
equipment.

o The presence of soil, which presents two problems: foaming, and degradation of the (
lead oxide product. The soi usually remains with similarly-sized lead oxide particies.

Foaming can be prevented by adding appropriate chemicals.

o Lead oxide may be more firmly embedded in the ebonite by lengthy storage in the
ground, making these two components very difficuit to separate.

More information can be obtained from Survey of Commercial Battery Recyclers, A Draft Report
(PE! Associates, Inc., 1988).

5.3.4.3 Other Innovative Processes—

The Horsehead Resource Development Co., Inc. Flame Reactor Process—The Horsehead
flame reactor process is a patented, hydrocarbon-fueled, flash smeiting system that treats residues and
wastes containing metals. The reactor processes wastes with a very hot reducing gas >2000°C
produced from the combustion of solid or gaseous hydrocarbon fuels in axygen-enriched air. In a
compact, low cost reactor, the feed materials react rapidly, allowing a high waste throughput. The end
products are a non<eachable slag (glass-ike when cooled) and a recyclabie heavy metal-enriched oxide,
which may be marketable. The volume reduction achieved by the process depends on the chemical
and physical properties of the wasts.

Electric arc fumace dust, lead blast furnace slag, iron residues, zinc plant leach residues,
purification residues, brass mill dusts, and brass mill fumes have been successfully tested. Metal-bearing
wastes have aleo been treated; zinc (up to 40% removal), lead (up to 10%), cadmium (up to 3%),
chromium (up t0 3%). Other waste feeds contained copper, cobalt, nickel, and arsenic. A SITE
demonstration has been scheduled at the Monaca facility in Pennsytvania. it has not been widely tested
for use at Superfund site cleanups.

The Risk Reduction Engineering Laboratory (RREL) Debris Washing System-Developed by

RREL staff and IT Environmental Programs, Inc. (formerty PEI Associates, Inc.), this technology wil
decontaminate debris found at Superfund sites throughout the country. The debris washing system has
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TABLE 23. SUMMARY OF COMMERCIAL LEAD BATTERY RECYCLING OPERATIONS OFFERED BY SEVEN COMPANIES
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Deen gemonstrated and will be commercually deveicped by iT Environmental Programs. .rnc. “he Z.4S
can clean vanous types of debris (e.g., metallic, masonry, or other solids) that are contaminated wih
hazardous chemicals such as pesticides, PCBs. lead. and other matals. This process is being evaiuated
by EPA in the SITE Program. Bench-scale studies conducted on six pieces of debris including plastic
spiked with DOT, lindane, PCB and lead sulfate, then washed using surfactant achieved an overail
percentage reduction of lead greater than 98%. This technology has potential application to battery
casings and other metallic and masonary debris found at lead battery recycling sites.

.3, ntaminated M H i 7 n i

Contamination of buildings, structures. and equipment Is caused primarily by spillage, storage of
the hazardous materials in and around lead battery recycling facilities, and fugitive dust. The common
remediation technologies are demolition and decontamination. Twenty-one decontamination methodolo-
gies, including both traditional and developing techniques, are described in Guide for Decontaminating
Buildings, Structures, and Equipment at Superfund Sites (USEPA, 1985a). This reference provides the
guidance for site cleanup personnel in decontaminating buildings, structures, and equipment. Demoli-
tion and detergent or solvant washing have been proposed in Rl/FSs and RODs for lead battery
recycling sites. None have yet recommended detergent or solvent washing. More often, buildings are
demolished and the rubbie is sent off-site to landfills. Table 24 summarizes the EPA evaluation criteria of
treatment technologies for buildings, structures, and equipment.

mi ; Pity, P n w (

Pits, ponds, lagoons, and surface water typically contain sulfuric acid,lead, and other metals.
Contaminated water may be pumped into the system, neutralized with caustic soda or lime, and treated
together with groundwater. However, it may be advantageous to treat them separately — depending on
their composition. Contaminated sediments would be dredged mechanically, dewatered, and treated
together with contaminated soil.

in order to minimize surface water and run-off from the sita as pathways of contaminant
migration, drainage control measures have been recommended in Rl/FSs and RODs for lead battery
recydling sites. Such measures include grading, revegetation, the construction of storm sewers, and the
addition of drainage ditches.
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TABLE 24. SUMMARY OF EPA EVALUATION CRITERIA OF REMEDIAL TECHNOLOGIES
FOR BUILDINGS, STRUCTURES, AND EQUIPMENT
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Alloy:

Blast furnace:

Bullion:

Casting:

Charging:
Dross:

Ebonite:

Grid:

Hammer mills:

Lead-acid
battery:

Matte:

Plate:
Potypropylene:
Primary lead
smeiter:
Refining:
Reverberatory

Rotary fumace:

GLOSSARY

A substance that is a mixture of two or more metals, or of a metal and a non-
metal.

A towerdike furnace for separating metal in which a biast of air is forced into the
furnace from below, producing the intense heat needed.

Ingots of metal.

The process of forming (moiten metal) into a particular shape by pouring 1t into
a moid.

The process of loading materials in furnaces for heating or meiting.
Metal oxides in or on moiten metal.

A hard rubber made by treating crude rubber with a large amount of sulfur and
subjecting it to intense heat.

Metallic piate in a battery storage cell that conducts the electric current and
supports the active material (e.g., lead and lead dioxide).

Pivoted hammers mounted on a horizontal shaft, used for shreddlng. component
separation, and washing.

A storage device for electrical current that consists of plates (lead dioxide and
lsad on metallic lead grids) that are immersed in a sulfuric acid solution within
individual cells, and enclosed in an acid-proof case.

An impurs mbdure of sulfides that is produced in smeiting.

A smooth, fiat, relatively thin piece of metal or other materials.

A very light, highly resistant, thermoplastic resin used in packaging.

A system which separates and refines lead from ore using high-temperature
fumace/s.

Reducing material to a pure state, free from impurities, drosses, etc.

A furnace whers metal is heated by a flame deflected downward from the roof.

A fumace which gives heat to the crown and maintains heat under the moiten
metal 30 that the metal is heated from below as well as above.



Saw-type
breaker:

Secondary lead
smeiter:

Slag:

Smelting:

Speiss:

A machine which cuts the top off batteries, thus allowing the acid to drain and
permitting remaoval of the enclosed lead plates.

A system which recycles new and old scrap using high temperature furnaces.
The fused refuse separated from a metal in the process of smeiting.

Meiting metallic material to separate impurities from pure metal.

~ A mixture of metallic arsenides produced during the smelting process.



APPENDIX A
BACKGROUND INFORMATION ON LEAD-ACID BATTERIES,
BATTERY BREAKING, SECONDARY LEAD SMELTING OPERATIONS,
AND CHEMISTRY OF LEAD AND OTHER HEAVY METALS AT LEAD BATTERY RECYCLING SITES

A.1 LEAD-ACID STORAGE BATTERY DESCRIPTION

Most people are familiar with the outward appearance of automotive batteries. Howaever, the
RAPM for a lead battery recycling site will probably observe various internal and external battery
fragments on site. The RPM will review site operating processes and environmental data that require an
understanding of battery's physical and chemical composition. Thus, the following descriptive
information, drawn predominantly from the Sapp Battery Site Remedial Investigation Report, should be
useful to the RPM.

A lead acid storage battery, the essential construction of which Is shown in Figure A-1, consists
of two electrodes dipped into parnty diluted sulfuric acid. The positive electrode (cathode) consists of
pure lead dioxide and the negative electrode (anode) is a grid of metallic lead containing various
elemental additives inciuding antimony, arsenic, cadmium, copper, and tin.

The followm reactions take place on discharge between the two electrodes dipped into the acid
electrolyte:

GCathode

PBO,, + 4H', + 20 —> Pb* , + 2H,0,
W’ﬂ + so.'.n - Pbso.“

PDOyy + 4H' g + SO g + 200 —> PbSO,, + 2H,0y,
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Figure A-1. Lead-acid battery construction.

Source: Watts, 1964



Pb, —> Pb*", + 20
Pb?* o + SO% ., -—> PbSO,,,

Pbm + soa}:q > pbsouu + 20
verall Reacti
Pb, + PbO,, + 4H oy + 280,74 —> 2PBSO,, + 2H,0,,

Electrical energy is gaperated during the reactions above. To recharge the battery, electric
energy is applied and the reactions are reversed. :

The electrodes are isolated by PVC envelope separators (in the case of maintenance-free
batteries) and a fibrous, paper material (in conventional batteries). A standard automotive battery
contains 13 or 15 plates per cell, with six cells in series, each delivering 2 volts.

The primary function of the various elemental additives in the lead anode is to increase anode
hardness. Table A-1 summarizes these additives and their concentrations.

The eiectrolyte used in a battery is 15-20% sulfuric acid, which has a specific gravity of 1.250, a
pH of 0.8 S.U. and a specific conductivity of > 100.000 umhos/cm. Sulfate concentrations range from
130,000 mg/! to 170,000 mg/1. As might be expected, when the sulfuric acid electrolyta is in contact
with the electrodes, a certain amount of dissolution takes place. Table A-2 gives the metals concentra-
tions typically found in battery acki.

An average automotive battery weighs 17.2 kg (38 Ib), and contains 8.6-9.1 kg (19-20 ib) of lead
(equally divided between anode and cathode), 1.4 kg (3 Ib) of polypropylene plastic, and approximately
2 liters of sulfusic acid. Although most battery cases are now constructed of polypropylene, they were
previously composed primarily of hard rubber material (e.g., ebonite) - styrene-butadiene cross-inked
with suifur (1%-3%), carbon biack or powdered anthracite (30%-50%), and zinc oxide (2%-4%). The
ebonite cases were rigid and brittle, with a nominal 1/4-in thickness (Black and Veatch, undated).



TABLE A-1. ELEMENTAL ADDITIVES IN ANODE GR!ID OF LEAD-ACID STORAGE BATTERY

Element Concentration range (%) Purpose

Cadmium 0.1-0.14 Grid-hardening agent - no longer used as
an additive.

Antimony 21/2-71/2 Grid-hardening agent - high concentra-
tions of antimony tend to poison the
electrolytic process.

Arsenic 0.15 Grid-hardening agent - used as substitute
for antimony.

Tin 0.10-05 Grid-hardening agent.

Copper 0.0 Smetting impurity which aids in electrolyt-
ic conductivity. -

Calcium/lead alloy - Prevents hydrogen degassing in mainte-
nance-free batteries.

Selenium/lead alloy - Prevents hydrogon degassing in mainte-

nance-free batteries.

Source: Watts, 1984

A.2 BATTERY BREAKING AND SECONDARY LEAD SMELTING DESCRIPTION |

The lead recovery aspects of iead-acid battery recycling operations consist of battery breaking,
followed by lead smeiting and refining, as shown in Figure A-2 (modified from figure in Smith, et al,

1987).

A2.1 Battery Bresidng

Battery breaking is the first step in the lead recyciing process. The flow diagram in Figure A3
depicts the lead-acid bettery breaking process. Moet breakers are either hammer mills or saw-type

breakers. NIOSH divides battery breaking operations into 7 categories (NIOSH, 1962):



TABLE A-2. TYPICAL METALS CONCENTRATIONS IN LEAD-ACID BATTERY ACID

Metai Concentration (mg/I)
Particulate lead (as lead sulfate >0.45 u size) 60 - 240
Lead (dissolved) 1-6
Arsenic 1-6
Antimory’ 20-175
Zinc 1-135
Tin 1-6

" Cadmium 5-20
Calcium 20 - 150
Iron 112
Selenium Analysis not available

Note: With the exception of lead, all analyses are for total metals.

Source: Watts, 1984

(@) Whole battery charging. This technique, developed by the Bergsoe smeiter in
Denmark, purposely emphasizes as little battery breaking as possible (only
about 20% of the battery mass need to be broken). The acid is drained from
the battery before charging. “Whoie® batteries are mixed with other charge
materiais on concrete beds using a rubber-tired front-end loader. After the
charge is prepared, & is loaded into the fumace by front-end loader. Although it
may seem to be a lowdevel emitting process, emissions and exposures are still
a significant problem. Few smaeiters in the USA use this approach because of
the large fumace size required and the resuitant poor economics.

(o) Battery breaking by sheer or saw. Many smeiters dismantie batteries in a hand
operation in which employees (1) separate piastic and rubber batteries, (2) cut
the top of the battery off, (3) empty the content of the battery onto a pile.
Typicaily, front-end loaders then move the battery parts to storage and disposal.
This operation Is labor intensive, creates significant emissions during cutting and
handling, and has traditionsily been a physically tiring, irritating (acid mist), and
high lead exposure job.

(¢)  Hammer-mil batterv-breaking [n order to speed up the process, remove
employes from exposure, and utilize plastic battery cases for fuel or resale,
" many piants use Hammer mills to break batteries. Unfortunately, this approach
continues 10 require hand separation of plastic and rubber cased batteries and
manual handling of rubber-cased batteries. Furthermore, the hammer mill is a
high-energy machine which creates high levels of lead and acid mist emissions.

@ Flotation-type separators. A number of fiotation-type battery-breakers are
currently employed in today’s (1982) smelters. The technique uses shears,
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Figure A-2. Generalized secondary lead refining process.
Source: Modified from Smith, et al,, 1987
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saws, and/or hammer miils to reduce battery scrap to smail pieces. The separator
produces output streams of hard lead (grids and posts), oxide and sulfate siudge,
plastic, and rubber. The advantage of this system are (1) positive control of furnace
feed enables use of more sophisticated fumaces, e.g., rotary, and (2) separate recycling
of plastic case material which, as of December 1981, was selling for 15-17 cents per
pound. Unfortunately, as with other approaches, emissions are significant and expo-
sures are high.

(e) Low-energy shradders. At least five secondary smelters have (or, have had) low

. energy shredders installed for breaking batteries. This system uses a low rpm,
low energy shredding device to slowly shred batteries into chargeable or
separable pleces.

(4] Manual battery breaking At least one battery breaking operation involved the
use of axes to hack the battery casings apart in order to allow acid to drain and
permit access to the lead.

Q) Cracking by dropping. |n some operations the batteries are dropped on a hard
surface to crack the case and allow the battery acid to drain.

A.2.3 Secondary Lead Smelting (Smith et al, 1987)

The smeiting process separates the metal from impurities in either blast, reverberatory,
or rotary furnaces. [t consists of three basic operations:

o Initial burnowt, which incinerates combustibies.
o Sweating, which releases lead metal at its low meiting point.
o Slagging, which forms a moiten lead layer and a layer of oxidized impurities.

When a charge is heated in a fumace, the pure metal portion melts first, leaving the flux
and metallic axides for conversion to slag.

The biast furnace is used for whole bettery scrap. The blast furnace can simuitaneously
bum out and sweat the charge, thereby conserving fuel and time. However, it is useful
only for large operations with a high volume of scraps, and it Is incapable of producing
lead alloys of different antimony content from the same feed.

Amubuiwyhmmunpmeouampatﬂdﬂeed.eomrdmoamlmonyoomem
and carry out batch aperations when the supply of scrap material is limited. The
fumace produces antimony-rich siag (5 to 9%) and low-antimony lead (less than 1%).



The rotary furnace has the flexibility to produce a single metal product, like the blast
furmace. Like the reverberatory furnace, it allows the refiner the option of producing low-
antimony lead for further refinement as well as a high- or low-antimonial alloy. However,
rotary furmaces tend to produce more exhaust gas and fumes and require more skillful
operation than the other two furnaces. They are also more labor intensive.

Refining is the final step in chemicaily purifying recycled lead. it takes place in oven-
topped containers called refining ketties that are constructed of cast iron or steel. The
refining process transforms iead bullion to soft pure lead or alloys. After refining and
alloying, the metal is pumped into casting machines and water-cooled.

A.3 CHEMISTRY OF LEAD AND OTHER HEAVY METALS AT LEAD BATTERY RECYCLING SITES
Querview

The chemistry of elemental lead and lead compounds is very complex. Lead’s complexity is.
exhibited by the capacity of soils (and associated groundwater) to vary adsorption as a function of pH,
cation exchange capacity, organic carbon content, lead speciation, soil /water redax potential, phos-
phate/carbonate levels, and clay content

Lead (Pb)

Lead is generally the most widespread and concentrated contaminant present at a lead battery
recycling site (i.e., battery breaker or secondary lead smeiter). It generally poses the greatest environ-
mental and human health risk.

Lead occurs naturally in crustal material. it is a constituent of more than 200 minerals - most of
them, very rare. The average abundance of lead in the earth's crust is approximately 15 ppm. Lead is
commonly associsted with ores of copper, zinc, siiver, arsenic, and antimony in deposits formed by the
replacement of fimestone or dolomits. In addition, lead may occur in a variety of igneous, metamorphic.
and sedimentary rocks (USGS, 1978).

Weathering of lead-bearing rocks is a very siow process. Analysis of nearly 1,000 soil samples
collected from across the U.S. found that the relative abundance of lead in soll ranges from less than 10



ppm to 700 ppm with a mean concentration of 16 ppm. Only 6% of these samples contained greater
than 30 ppm of lead (USGS, 1976).

Lead is a heavy metal that exists in three oxidation states: 0, +2(ll), and +4(IV). Lead (Pb),
lead sulfate (PbSO,), lead oxide (PbQ), and lead dioxide (PbO,) are the predominant lead species found
at a lead battery site. However, the lead species at sites with carbonate soils are generally carbona-
ceous forms, such as iead carbonate (PbCO,), hydrocerussite (Pb,(CO,),(OH),), or lead hiliite (Pb,SO,
(CO4),(OH),). For example, the predominant lead species at the C&R Battery site in Virginia was
hydrocerussite.

The metallic lead and lead dioxide electrodes in batteries — and other lead minerals or saits --
have reiatively higher densities than water. Some of the compounds are slightly soluble while others are
insoluble in water (Table A-3). Throughout most of the natural environment, the divalent form, Pb?, is
the most stable ionized form. (

Lead compounds can aiso be adsorbed onto hydrous oxides of iron and manganese and be
immobilized in double and triple saits. Sois strongly retain lead in their upper few centimeters; they are
the major sinks for poliutant lead. Lead can also be biomethylated, forming tetramethyl and tetraethyl
lead. These compounds may enter the atmosphere by volatilization.

The capacity of soll to adsorb lead increases with pH, cation exchange capacity, organic carbon
content, soil/water Eh (redox potential), and phosphate leveis. Lead exhiblts a high degree of adsorp-
tion on clay-rich soll. Only a small percent of the total lead in soil is leachabie; the major portion is
usually solid or adsorbed onto soll particles. However, as lead is removed from solution, desorption of
lead may occur — maintaining an elevated lead concentration in solution. Surface runoff, which can
transport soll particies containing adsorbed lead, facilitates migration and subsequent desorption from
contaminated sols. On the other hand, groundwater (typically low in suspended solids and leachable
lead salts) doss not normally create a major pathway for lead migration. Lead compounds are soluble
only at low pHa. For example, at a pH of 8 or less, the value of dissoived lead could be above the
proposed drinking water standard of 15 ug/L (Figure A<4). If battery breaking activities have occurred
on-site, and the battery acid was disposed on-site, elevated concentrations of lead and other metals may
have migrated to groundwater.
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TABLE A-3, SOME PHYSICTCHEMICAL PROPERTIES CF SELECTED .EAD CJIMPOUNDS

Molecyiar Japor

weight pressure
C ampound Formula (g/mole) water solubility (Tm ®g)
Lead Pb 207.20 Insoluble 1.3 (580°2y
Lead dioxide PbO, 239.19 [nsoluble NA
Lead carbonste PbC0, 267.20 1.1 mg/L & 20°¢ NA
Lead hydro- Pb,(CO,4),(0H), 775.60 Insoluble NA
cerrusite .
Lead hydroxide PBCOH), 241.20 155 mg/L @ 20°C NA
Lead sulfide PLS 239.25 0.9 mg/L @ 18°%C NA
Lead oxide PBO 223.20 17 mg/l @ 20°C NA
Lead sulfate PBSO, 303.26 41 mg/L @ 20°C NA
Tetramethyl lead (CHy) PD 267.35 15 mg/L" 22.5 @ 0%
Tetraethyl lead (CHg) PO 323.44 0.8 mg/L @ 20° 0.15 3 20%

a Tesperature not available.

NA Not available

Arsenic is used as a grid hardening agent in lead batterigs. Its concentration ranges between 1-

6 mg/L in battery acid. Four oxidation states (-3, 0, +3, and +5) are possibie for arsenic in the natural
environment. The +3 and +5 states are most commonly found in agueous solutions. The +5 state is
the most stable and dominant. The environmental behavior of arsenic is largely determined by pH and
the oxidation-reduction (i.e., redox) potential of the system. Adsorption of +3 state in soils increases
with rising pH over the range of 3 to 9. Arsenic is strongly adsorbed to soil and sediments. Arsenic
mobility in an aquatic system will be controlled by sediment movement. |n subsurface soils and
groundwater, arsenic will be relatively immobile with the As(V) species less mobile than the As(lll)

species.

Antimony (Sb)

Antimony aiso a grid hardening agent used in lead batteries. its concentration ranges between
20-175 mg/L In battery acid. Significant concentrations of antimony are present in the wastewater from
the secondary lead plants. The +3 and +5 states are most commonly found in nature. Antimony
undergoes deep hydrolysis in dilute solutions. Over a hundred antimony-containing mineral ores exist in
nature. The most important mineral is stibnite (Sb,S,).
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Cadmium was used in the past as a grid hardening agent in lead batteries. Its concentration
ranges between 5-20 mg/L In aqueous solutions, cadmium exists only in the +2 state. Cadmium is
adsorbed by soils and sediments containing aluminum, iron, and manganese oxides. Cadmium mobility
in aquatic systems will be controlled by sediment movement. In subsurface soil and groundwater,

cadmium will be relatively immabile.
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APPENDIX B
BACKGROUND INFORMATION ON
SUPERFUND LEAD BATTERY RECYCLING SITES

8.1 IDENTIFICATION AND CLASSIFICATION OF LEAD BATTERY SITES

Ouring the course of this project, 44 CERCLA lead battery Superfund sites were identified. Table
B-1 provides a brief summary of the sites, including a contact point, where available. These lead battery
sites consisted of two main groups: lead battery recycling sites and non-recycling sites.
(
1. Lead battery recyciing sites ~ Twenty-nine (29) lead battery recycling sites were iden- ‘
tified. A lead battery recycling site is defined in this report as a location where battery
breaking, secondary lead smeiting, or lead refining operations have been conducted.
The lead battery recycling sites can be further classified into two sub-groups:

(a) Battery breaker sites (20 identified), where operations consisted principally of
battery breaking, with the recovered lead being taken off-site for further process-
ing; and,

(b) integrated battery breaking/smelting/refining sites (9 identified).

Of these 29 lead battery recycling sites, 22 are on the Eighth Update to the National

Priority List (NPL) and have been or will be subjected to the Remedial Investigation/

Feasiblity Study process. Some of these 22 sites on the NPL have also been the

subject of removal actions. The other 7 lead battery recycling sites are those where
- -« only removal actions are underway or completed.

Of the 22 lead battery recycling sites on the NPL, 10 have completed RODs; 8 of those
RODs were reviewed in preparation of this report. -‘Remedial Investigation and Feasibility
Study reports wers obtained for 8 of these sites. Additional documents on several of
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TABLE 8- 1.

SUMMARY OF CERCLA LEAD BATIERY

SIIES AND HEMLDIAL ALIERNALIVES PRUPOSED (Y/90)

Site name/locetion/etate/

1IDS/EPA 100/peint of
contact (POC)

Reglon

Site description

Thi est/problem

Selected remedy,® present worth
cepital and O8N costs,
AQD dete

ow London Sud Nerine Bese,
Hew London, CT

wrL 108:  0iCT020

EPA 108:

Poul Nerchessasult F1S-083-1793

W Industries,

Podr icktoun, NJ

wrL 108: S2ns40

EPA 108: NJDOSIBAI249

nick Gilbere F1S-264-6418
Eugens Deminach FI8-348-6666

Srown's Battery Bresking Site,
Shosmshersviile, PA

WL 188: 03rA0K0

€PA 108: PAOOR0EYIRI2

Chris Corbett FIS-597-6906

. CAR Battery Co., Inc.,

Chesterfield Coumy, VA
Wt 1o#: O03vam7

EPA 108: VADOLO937913
Poul Leonard FT1S-397-1286

Oorney fload Landfill,
Nertitown, PA

wt e

EPA 108: PADDE0508832
POC: Mot detersined

Submes ine bettery servicing
facitity. voletile orgenic
cempounds pesticides, PChs,
ond spert bettery acids buried
below the water table in Ares
A tandfitt.

Integrated bettery bresking/
lesd smelting/refining
focility/en-site tandfitl
(4% acres).

Sattery bresking fecjlity
(W4 scres).

Settery breahing facility
(11 acres).

tondfill with some (ead
battery waste.

Sediment end surface
woter contaminated mith
astals end pesticides.

$oil, prounduweter,
surface weter
contamineted with
heavy setols.

Soil, grouwnheater, and
sediments contasinated
with metals including
lead.

Soil contaminated wilth
inorganics including
lead, antimony, snd
scsenic.

So1l and surfece water
contaminated with VOCs,

orgenics, and inorganics.

Remedy not selected. Remedisl Investigation in
progress. Nonitoring wells instulled, sampling 1
begin 11/90.

RI/FS in progress. Landiill capped, leschate
collection and treatment underwey.

Permenent relocation of alt on site

residences and the an-si1te Lusiness.

$342,900 (present warth). ROD for other upei sblc
units pending. 9/28/90.

Stabilizetion of (uitaminated suil ww

sediment; off elte dispossl of the )
stabllized material in o sanitery/s

industrial waste tandfill; sesidual conteminated
soil covered with 8 soil cup.
$15,572,000 (present worth). 3/30/90.
Off-site disposal of pundea wates;
reprading snd (nstaliation of sulis

layer cap; runon/runolf controls; ruwitt
and groundueter monitoring; sccess ad deed
restrictions. $14,000,000 (present woith)
$42,000 (envwisl OBM). 9/29/88.

(cont inued)

* gemsdistion selected in RGDs have not been implemented (9/90).
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TABLE 8-1. (continued)
Site name/locat ien/etate/ Selectied remedy,® present wurlh
UL IDO/EPA 108/poing of capital and OBM costs,
comtect (POC) fegron Site description Threat/problem ROD dete
6. Nebelke Aute Selvege Yard, (1§} Automobile junk yerd with Sotl and debris Excovetion snd on-site tiastion of
Vesisenburg Tounship, PA | intermittent periods of (battery cesings) soll followed by off-site disposrat;
weL 100; octivity involving salvage contaminated with encavation and recycling of battery
EPA 100: PAD900029329 eperations (20 scres). astals including lesd. casings; soil becktilling ed
Fran Burns FIS-507-4738 vegetation. $6,073,438-6,884,852
(present worth), 80 (O8M). 3/31/89.
7. Jocks Creek/Sitkin Sasiting [11] Smelting/retining Yacility Soil contemineted with Pre-R1 activities in progress.
ond Befining, Neltiond, PA ond ainlng operation. PCOs, surface water
wL 198: 83PAIDS contamineted with lead
EPA 108: PADPBOE294L93 and PCBs.
Gorth Conner FIS-39T-6439
8. Lancaster Batlery, [1]] former recycler of lead Sail, groundwater, and Removael action -- sbuout 1,400 tons of lead:
Lancester, PA batteries from sutomabiles surface water contaminsted contaminated soil excevaled and disposed ot
wt 09 ond trucks. with astels including lead, off-site disposel facilities.
EPA 100: PADOO3O0LL9S arsenic, cadmium, ard
POC:  Not determined copper . °
9. Reaser’s Londtill, PA 11} Unlined mnicipal cdump thst None. Bo action. Growwlwater seview due
L (08: conteined some battefy cases. within five years. 3/30/89.
EPA 1091 PADOBOS29261 ,
Vic Janosik FIS-597-89%¢
10. Tonoili Corp., Nesquehaning, PA [1Y] Integrated battery bresker/ Soil and waste piles RI/FS in progress. Removal actions ncluded

contamineted with dreining end treating contaminated (agoon wetcsr .
aetels including lead,
arsenic, cadmium, and .

copper.

Wt 104: 03FAN2S smelter/refiner (30 acres).

EPA 1081 PASOTISIN6A3
Sonne NcCortney FIS-597-1101

(cont inued)
* femediation selectesd in MODs have net besn implemented (9/90).
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JABLE B-1. (contimued)

Site name/locatien/stete/ Selected remedy,® present wurth

WPL 1DO/EPA 108/point of copital and 0N cosls,
contact (POC) Regron Site description Ihrest/problem /0D date

11. vooriman Farm, Upper Saucon " Satteries camped in sinkhole, Groundwater monttored for No sction. Continued yruswwater
Tounship, PA et & bettery recycler (43 contaminsted from metals monitoring. 826,010 (piesent worth)

”L 108 A atres). Including lead and 96,860 (arvwial OBN). 6/30/88.
EPA ID6: PADDOREOZTI . Cadnium.
Nick Binarde FTS-597-3540

12. Myp 600 Groundust v Abendoned bettery salvage and Sail contaminated with RI/ZES In progress. Alteinatives wsuder
Contemination, Concord, NC recycling facility (13 acres). lead, chromium, nickel, considerstion: no action, cepplng, in-situ
"L 100; . and sulfate. sol iditicetion on-site trestment snd
EPA 108: disposal, off-site treatment end dispossl.
AL Cherry FIS-257-7791 .

13. Cederioun Battery, Inc. w Sattery bresking facility. Mot determined. Removal sction - conteact for soladity
Codartoun, GA ) cotion of 22,000 y® of lead contaminated
L 108: sall swerded, isplementation planned for
EPA IDS: GADOBL273821 late 1990 end eacly 1991.

Larry Brannen F18-257-3931

4. Cedertown Industiries, Inc., i Sattery bresking end Soi1t and sediments Mot determined.
Codertown, GA secondary lead smeiting contaminated with
WL 108:  0L6A0Y7 tacility (7 acres). lead.

EPA 1DB: GADODSBL0674
Randy Oominy FI5-257-2043

15. Gult Battery Exchange, v Sattery crushing fecility. Soil, surface water, Nemoval sciron (1983 -B4) - ot site dispusal
Oceon Springs, NS ond prounchester of canteminated solls and acld. On slte con
wL 108: contemineted with lead. solidetion and cepping of soils.

EPA 108: NSDOSLE28195
POC: Mot detsrmined
16. Intersiate Lead Co., (ILCO) w Sattery breshing/secondary Grounduster and sediments Instaltation of clay cap over sume arees

Leeds, AL

WPt 108 04ALDYS

EPA 108: ALDOL1906173

Anna Torgsimson F1S-237-2643

load saielting facility.
On-site and off-site disposal
of lesd-beering westes.

contamineted with leod.

completed under partisl consent decree.
Feasibility study yetl (o be completed.

(cont inued)

* Remedistion selected in RODs have Not been 1mplemented (9/90).
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(ABLE 8-V,

(cont lwed)

Site neme/\ocation/etete/
WL 1DU/EPA 108/peint of

comact (POC)

Region

Site description

lhreat/problem

Selected remedy,® present woith
capital ond O8N custs,
R0D date

17. Kassout-Kimerling Battery,

18.

9.

Venpe, L
w108
EPA 106:
Deve Abbott FIE-257-2043

Palmstio Recycling, Inc.
Columbls, SC

WL 108:  843C023

EPA 109: SCO003302217
Al Chorry F1S-257-TTW

Sepp Battery Salvage,
Cottondele, fL

oL 106: 04FLOVE

€PA 106: FLODEOSD2082
Nertha Berry FIS-257-2043

Schuylhill Netals Corp.,
Plant City, AL

WL 108: BLFLOYY

€PA 1DS:  FLOOS2794003
Sarbere Dick FIS-237-2043

ttall where empty lead-acid
e tafy casings were deposited

(3 scre).

Sattery breaking facility
(2 scres).

Battery breaking facility.
Eatensive environmental
deasge (0 Cypress swamp
(45 ocres).

Sattery bresking facility.
Rarsh contaminated due to
operations.
(V7 scres).

Soil, debris, snd ground-
water conteminated with
metals including
arsenic, cedmium, and
lesd.

Soil and sediments
contaminated with metals
including tead, codmiwm,
ond chiomium. -

Growudwater, surtace
uster, ond scdiments
contaminated with eetels.

Soil and sediment con-
taminated with lead,
sroundweater, and surface
uater contemineted with
teed, chromium, andt
nickel.

RAD ¥, tandtilt, 3/31/8y tacavetion ot landtill
wastes ond underlying soil following by soliditl
cotion/chemical fination snd disposal in on-site
londfitl. $2,500,000-3,500,000. 3/30/90.

ROD 2, Merah, 3/730/90 - Eacavelivn sd treatimat by
soliditication of contaminated mai>h scdiments;
sediment beyond 20 ft from lendfl{l snd 150 ft 10
drainege cansl to be teft in place.

Pre-Ri.

Eacavation, solidification/tination, sl
on-site disposel of soliditied so1l sndg
sediments; @reundwster pump and Ifeatment;
surfece water tremtaent and discharge; end
assessaent of potentisl institutional controls.
$14,310,546 (capital), $25,831 (arwwal 0BM)
9726786

Excevatlion of process ares 301, separation

of soil and debris by screcning; treatment

of the soils by chemicol fination; crushing

and washing of debris for recycling; treat-

ment of surtece water and growwisste: by ion acdican
tiltration. Rersh remediation will tovol.. aechans
col controls, |.¢., fencing and monit. . west
asrsh and tlood control getes Co Proviue 1.t awed
surfece water inundetion resulting in anserobic
sediaents and sonitoring for the east amrsh.

* gemediation selected in RODs have not been implemented (9/90).

(cont inued)
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TABLE 8-1.

{cont inued)

Site nams/locatian/state/
NPL 108/76PA 100/peint of

Selected remedy,® present wuilh
capital and ObM cousts,

contact (POC) Regron site description Threat/problem ROD date
21. Scott's Creek, New Bern, NC iv Old batteries (oceated on-site.  Soil, grounduater, eond Removel action - about 4¥0 y® of lesd conteminatey
wei 108: surface uater contuminated till and bettery casings excavaled ol deposited
EPA 108:  NCDIBOBLO840 with lead. ofl-site.
POC; fot deternined
22. Arcarum Iron end Netel Site, v Sattery breaking facility Groundwater, surtace watesr, Excavaltun arud off-site dispossl of sotl
Darke County, QN (4.5 acres). soil, end sediments with >500 mg/kg lead; eacevation snd on-
WL 108: 030803 conteminated with inorganics, site dispossl of soil with lesd between
EPA 108: OWOITSSITY including lesd, antimony, beckysround and 500 ag/kg; 1emoval of
Anite Boseman F1S-004-69¢1 ond arsenic. battery casings; contuct tieslabilily stuxies aind
on-slite tandtilliing; snd deed restrictions on Lani
and aquifer usage. $9 929y 000 (capitel), 837,000
(ennual OlM). 9/26/86.
23. ¥. Brown Co., Inc. v Sattery breaking facility, Lead contamination in R) in progress
Grand Rapids, W portions of facility slso eir, suriace water,
wPL 108: O5K1108 used o5 & Amp (4 scres). sediments, et
EPA 108: NIDOITOTSI36 rouncheates .
Timothy Prendivilie FIS-886-5152
26. ML Industries/lesacorp L ead v integrated battery bresking $S0i) conteminuted with lead. Excavation of soils trum residential sod
smelter, Grenite City, I and secondwiy leed saelting commercisl srcas, cunsolidation in on-s1te
L 106: 0500035 facility (25 ecres). pile, followed by multl medis copping. 9786,
EPA 1D9: BLODOSTINLGE
Sred Bradiey FIS-886-4742
25. ML Industries/larscorp/Golden Auto v integrated battery breaking tone. %0 action. Continued giownkeater munitor tny
Parts, St. Louis Park, M and sacondery (eed smsiting 9/29/788.
oL 108: faciliny.
(1) H
POC: Mot determined
C(continued)

* femedistion selected in RODs have not been iaplemented (9/90).
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TABLE 8-1. (continued)

Site neme/locetisnv/state/ Selected remedy, ® present worth
uee. 108/EPA 100/peint of cepitul and O8N costs,

cantact (POC) Site description Ihreat/pioblem f0D dete
26. Prestelite Battery Division, former battery msnufacturing Soil contaminated with lead. WMot determined.

Vincinnes, t8 site (5.6 acres).

L 108

EPA 100

ar.

Seb Lance FIS-886-4745

fResen Netola/Xon Los Prep.,
Weadvilie, W (alse knum 2s
Lee*s farm)

" 108:

EPA IO0:  WIDOR0615553
Steven faryen FUS-353-9351

Resen Netals/Phoenin Netals,
Saldwin, Wi

L 108:

€PA 190: WIDO23145592
Steven Faryan FIS-353-9351

Scrap Precessing Co., Inc.,
Nedéerd, W

6L 108: 05u1036

EPA ID8:  WIDDLES3O785
BitL Messenger F15-353-1057

. Unjon Screp Iron and Netel

Co., M tis, 4

[ R 1

EPA 100: MIDO22949192

Jim venderklioot FUS-353-9309

Abandoned stone quarry used to
dispsss of battery casings
(1.5 scres).

Surned battery 1ops to recover
leed.

Auto salveape operation that
included bettery bresking

$oile and sediments
contaminated with lesad.

Sorl contaminaled with
leed.

Acidic, lead-besring soil
in pond, potentisl threst

. Chemical fixation of the (eed contsminated

waste using the Regionsl ERCS contrectorts
proprietary trestment process, and capping
trested material on-site. Removal action i1n
progress. 11790,

Nut determined.

Mot determined.

Mo action. 3/30/90.

facitity (2 acres). to groundwater.
Automobile battery bresking Nane.
operations (1 acre).

(continued)

* Remedietion selected in RODs have not been implemented (9/90).
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TAGLE 8-V,

(cont 1hued)

Site name/locat len/stete/
NPL 108/EPA 100/paing of
contact (POC)

Region

Stte description

Ihreat/problem

Selected remedy,® present woith
capital and O8N costs,
ROD date

31. united Screp Lead Co., Inc.,
Troy, ON
L 108: 0508044
PA 108: ODOIS392928
Anita Soesemen $18-006-6941

32. Col Usst Netals, Lemitar, NN
uPL (08: 401V
€PA 108: WDOOTVN0272
Nonice Chape 214-453-6730
Corlos Sanchez FI15-253-8710

33. Nichael Co., (Bettendort)
Settondort, 1A
L 108:
EPA 108: 1ADD21691338
viliion Sunn F15-206-T792
foy Crossliand F15-757-3881

34. Wurriete Christian School,
Nurrists, CA
wtl 108:
EPA 100: CADSB2405409
Brad Shipley F15-484-1026

vi

Sattery bresking facility
(25 scres).

‘Processed sutomobile bacteries

te secover lead.

foreer baltery manufacturing
ond recycling tacility. Ihere
ore theee other similer sites
contaminated by the same
campany (each <1 acie).

Oefunct batiery manufacturing
séte on which » sael! private
scheol wes built.

Soi{ end sediments
contaminated with
sraenic and lead.

Soil, growwwater, surtace
water, and sediments
contaminated with lead.

Soil and SW contlem) -
nated with lead.

So1l, surface water,
97 ounduster contamnatd
with lead.

Excavalion and treatment ol battery ceasings

and contaminsted soil by weshing, with leed
recovery and off site dispussl or recycling

of casings, and replaiement of residusl soits
on-site; eacavelion snd dewatering of scdiments
on-site and disposal with soil; constiuction of
@ soil cover, and revegetation; decontamination
of contaminated buitdings and debris with off-
site disposal; instsllation of & new ressdential
well; deed restrictions; drainage control; aml
Grounduater end surfece waler monitoring.
$26,924,000 (present wot th), $55,375 (ennusl O4M)
9/30/08.

&1 10 progiess.

Removel aclion - eacavation of soil 21,000 gqam
ond off-elte dispusal. Building interiors decun
tamineted vie sweeping/vacuming/steam-clesniig

Removal aclion - - consoltdate contamunated suils,
odd Quick lime, apply o graded, &-inch aggieyaie
base covered by a 3-inch asphalt cep.

(cont inued)

* Remedistion selected in K005 have not been isplemented (9/90).
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TABLE 8-). (contipued)

Site name/location/state/ Selected remedy,® present wofth

NPL 104/EPA 108/poing of copitel and OB costs,
comtect (POC) fegion Site description Ihfeat/probiem RGD dele

35. Norce Site, Norce, CA 1 A former battiery bresking Mol determined. femovel sction -- cemeit bosed soliditicetion used
wL 108: facility (16 scres). to treal sppronimately 8,000 tuns of aoil.

EPA ID8: CADOR20A005T7 1CLP ofter 28 days <1 mgsL; ANS 16.1 greater
Richard Nertyn FIS-T44- 1914 then leach inden of 12; wcontbned cumpressive
strength »500 psi.

36. Alaska Dettery Enterprises, X Sattery sales, recycling end Soil and groundwater Removal ecfion - encavatiun ot lesd contamineted
felrbanks, AK bettery parts casting apere- contaminated with teed. s0il sbove (,000 mg/kg snd dispusel in & ACRA-
L 108: 0AKS02 tiens were conducted on-site landifll. Site listed on NPL.

EPA 106: ANDOBLIOL215 (<t acre).
Jaft Usth FIS-399-4707

37. Alaska Musky Battery, Inc., X Satlery bresking tecility. Grounduater contasinated Removel action - appiunisately 1,580 y' of P
Anchorege, AKX with lead and PCOS. ond lead-conteminated soll were eacavated sins
oL 100: sent for disposal off site.

EPA 108: AXDOOD246497
POC: Mot determined
38, Arctic Surplus, Fairbanks, AK X Salvege operstions including Soil and grounduater EPA- Inttiated remuval aclion 1n Sept. 1989

NrL 1D8:  30AK008
EPA 108:
POC: Not determined

beltery bresking (22 acres).

contamineted with lesd,
zinc, PCBs, chlordene,
phenanthrene, and

prrens.

fencing the site, remuving 22,000 ibs of
sshestos, stebilizing appronimately 75 gal
of chlordune, collecting grounduster somples,
ond betler delining waste streams on site.
Site tisted on WPL.

(continued)

¢ femedistion seiected in RODs have not been inplemented (9/90).
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VASLE

8-1.  (contimued)

Stte name/location/state/
NPL IDU/EPA 108/peint of

Selected remedy,® piesent wuith
copital and O8N (osts,

contact (POC) fegion Site description Ihr eal /probl en A0D date
. Goutd, Inc., Portiand, OR L Sattery bresking and lead Soil and sediments Eacavation ami sepasativn of Datiery casing
WL 108: 1000002 ' saslting facility (60 acres). contaminated with {ragments ond matle; recy ling of components
EPA 108: ORDOPSO036T . setols including lesd. that con be recycled; off site RCRA Landfill
Chip mmphrey F18-423-2678 dispossl for nonrecyciable camponents; on site
dispossl of nonhatardous, nuiwecycliable cumpunents,
encavetion, tixstion/stabitizetion on-site
disposai of contaminated sail, sediments, axt
astte; folluwed by soll cepping, revegetation,
ond grading; and groundwater, surfsce waler,
and sir monitoring.
5,491,603 (capital), $17,073,50) (piesent
worth OBM). 3/31/08.
40. Nantord 1100-Ares, Senton X Uaste battery acid disposal Hone . Pre Rl tn prugress. RUD due in 1998
County, WA ares (<1 acre).
WPL 106:  T0MAOS4
EPA 100: WALBDOOYO0TS
Dave Einan F1S-444-3883
4V. Werbor Island/RSA Bettery Site, A 350-acre industriel srea AlF contaminated Al o progiess. RUD due 10 19W2.
Seattle, WA in Seattle, WA. with lesd.
WL 100:  10MAD08
EPA 1DD: WADPB0722839
Kelth Rose F18-399-7721
42. Spokene Junk Yard, Spokene, WA Netal selvage ond screpping Sotl, surfsce water, and Removel action partielily cumplete. Eacavated
[ W H company thet deslt with growxiveter contemineted tesd hot spots end cappiing of remsining tead
EPA 1D8: WADDB1767296 batterics and transformers. with lead, cadmium, ond contaminated soitls planned.
POC: Not determined PCOs.
43, Stendard Steel Wetal Salvege Vard, | 8 Metal saivege yerd. Soil anct surlace water Aemoval action - off sile dippusal 01 recycling

Anchorage, A conteminated with lead, of conteminated solls stabilized with shotcrete.
we 108: « PChs, furans, cysnides,
EPA 108: AKDORO9D78787 snd ssbestos.
Johneorvi ongston
{cont inued)

* gedndiation selected in R0Ds have not been isplemented (9/90).
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TABLE B-1. (continued)

Site nams/locatien/state/
NPL 1087EPA 100/peint of

Selected remedy,® present wot th
capital and O8N corls,

contact (POC) Regiun Stte description Ihieat/problem ROD date
&4, Vestern Preceseing, Kent, WA X Recycling site. Bettery Grounduater, surface water, Soil sewpling and anaiysis of on-site end
[ W[ H - cose chips ond bettery acid soil, and creek sediments off-site aress; eacovetion end off-site
EPA 108: were included in wastes contamineted with VOCs, disposel of selected solts and non-sofl
Jobn Barich F15-399-8562 m-aite. organics, including PCOs asterials; excavetion or clesning end plugging

ond PANS, and metels.

sll utflicy ond process Lines (n Ares |; Grownmaties
eatraction and trestment,; storsmater control;
eacavetion end on-site disposal of selected suils;
excovation of utility Lines; cleaning utility sen
holes and vaults; coepping; pertorming bench-scsle
testing of soil solidification technlye; eaxcavation
of Ritt Creek sediments; and performing supplementat
remedial planning studies 1f groundwater conlemine
tion migrates.

15,000,000 (capital). 8/5/84 srml 9/25/85.

® Resedistion selected in RODs have not been isylcmented (9/90).



these sites (e.g., On-Scene Coordinator Reports, RI/FS Work Plans. ang tacrn.cal
papers) were also studied.

2 Lead battery, non-racycling sites — Fifteen of the 44 lead battery Superfund sites had
substantial battery-related contamination. At these sites, non-recycling operations
included battery acid disposal; auto salvage operations where batteries accumulated:
battery disposal (In many cases mixed with other non-battery wastes); and battery
manufacturing. Information on these sites was considered valuable for this report if (a}
portions of the contamination at the site were distinctly battery-related (that is, not mixed
together with a lot of non-battery wastes), and (b) a treatment was underway or
completed on the battery- related wastes.

B.2 SUMMARY DESCRIPTION OF CERCLA LEAD BATTERY RECYCUNG SITES

1. Physical Description — As can be seen in Appendix A from the descriptions of the
battery breaking, smeiting, and refining processes, numerous types of operations can
occur at these sites. Similar operations may be executed with a range of procedures.
Nonetheless, some useful generalizations about these sites are possible.

Baftery breaking gperations - These enterprises are often small businesses with limited
environmental control programs. Battery breaking operations may have been conducted
at various places on the site. Disposal of the residuals from the battery breaking
operations tends to be haphazard. For instance, spent battery acid may or may not
have been treated prior to discharge to a swamp, ditch, pit, or lagoon. Battery casing
fragments, battery siudge, and metallic lead chips (separate or mixed) may be placed in
piles, buried, mbsd with asphait for use on site roads, or sent off-site for re-use. In a
few cases, battery tops were burned in order to remove the casing material and permit
recovery of the metallic lead. Battery breaking operations are not necessarily smail;
50,000 batteries per week wers reportedly processed at one site (Sapp Battery). Also,
materials other than batteries were processed at some of these sites, adding non-

orlyforbmybnlldngandcomponemwmmalsoforacid handling and
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treatment, smeiting, refiming, air and water pailution control, and in some nstances.
battery case recycling and battery manufacturing. These facilities are generaily owned
by large companies with several plants. These companies may have considerable
experience with remedial investigations and feasibility studies concerning lead battery
sites, either as an owner or PRP. The contamination at these integrated facilities is
present in spent acid, metallic lead, lead compounds, and iead-contaminated battery
casings. Acid treatment, mechanized battery breaking, component segregation, sizing,
and washing are more common at these sites than at battery breaker sites. The inte-
grated battery breaking/smeiting/refining sites also generated lead smeiting and refining
wastes (e.g., lead slag, dross, matte, speiss, dusts, stack emissions, wastewater, and
residuals from air and water poliution control). The smelters typically use a landfill or
slag pile close to the operation. Wastes from some smelters have been sent off-site (for
such uses as alley surfacing, fill material, recycling) or for disposal. Also, some of the
reagents (e.g.. arsenic, cadmium, and antimony) used in the smelting, refining, and
alloying processes - aithough used in much small quantities than lead -- are hazardous.
They require attention regarding worker safety, site characterization, and if necessary,
remedial action. The number and type of buildings, structures, and equipment that
require investigation, demoalition, or disposal at an integrated battery breaker/smeiter/
refiner operation is typically greater than for a simple battery breaker site. Plastics
reprocessing and battery manufacturing residuals may aiso be present at integrated
battery breaker/smeiting/refining sites. There are only a few former plastics reproces-
sing and battery manufacturing sites that are currently on the NPL. These sites have not
had Ris or FSs compieted to date, so plastics recycling and battery manufacturing
operations are not addressed in this document.

metaliic lead and lead compounds as the principal contaminants of concem. The
metaliic lead occurs in a variety of alloys and physical forms, (e.g.. plates, chips,
powders, dusts, bound to battery casing scraps, or incorporated in slag). The lead
compounds from scrap batteries include lead sulfate and lead oxides. Other lead
compounds (e.g., PbCO, Pb(OH),) may be formed in treatment processes that neutral-
ize battery acid. Stil other lead compounds may be formed via reactions with the soil.
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Other metals (e.g., cadmium, copper. arsenic. antimony, and selernium) are cften crasert
at lead battery recydling sites. but usuaily in much iower concentrations than lead --
often below hazardous concentrations. Also, sulfuric acid from batteries may remain in
liquid form in pits, ponds. lagoons, storage tanks, or treatment vesseis. The acid may
ailso have contaminated the soil, elevated sulfate levels, and depressed pH. Of course.,
non-battery recycling operations at these sites, have introduced other contaminants.

Asbestos insulation may also be present on piping and equipment at smeiting and

refining sites.

o] Soil - Lead-contaminant concentrations are common to lead battery recycling
sites. TCLP values exceeding 5 mg/L are typically found in soil samples from
these sites, indicating that the soil is a RCRA hazardous waste. Lead in soil is
rather immobile. At several sites the lead contamination in the soil does not
exceed a depth of a few centimeters. There are, however, exceptions to lead's
limited mobiiity in soil. These exceptions appear to be caused by: (1) excava-
tion and burial of lsad-contaminated wastes (e.g., scrap battery parts), or (2) a
combination of very permeable soil, geological conditions coupled with the
solubilizing effects of iow pH (caused by the presence of large amounts of bat-
tery acid), and/or a high water table. Acid rain could also depress pH, but was
not cited as a major contributor to increased lead mobility in soil at the NPL
siktes investigated.

Sol can be contaminated by a variety of direct and indirect processes during
battery breaking operations. initially battery breaking was conducted in such a _
manner that the bettery acid, the soluble lead in the acid, the lead sulate

siudge, metaitic lead (chips, plates, dust), spongy Iead, and lead dioxide were
intentionadly or inadveértently placed on the surface of the soi. Leaching and
runoff from surtace contamination and waste piles expanded the volume of the
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contaminated soil. Burial of battery recycting wastes depressed the or. therecy
increasing the solubility of lead in soi water. The presence of untreated battery
acid and of acid rain are potential accelerators of the mobility of lead in sail.

During secondary lead smeiter operations, stack emissions and lead dusts have
spread soil contamination. At some active lead smelters, dust sweepings have
such high lead content (NIOSH, 1982) that they are fed back into the smeiting
furaces for lead recovery.

Soils are commonly a source of heaith and environmentai concern at lead
battery recycling sites due to the many pathways of contamination: leaching
from the soil into welis on or close to the site, runoff that traverses surface soil
and subsequently contaminates surface water and sediments, and airborne dust
that may be ingested or inhaled.

Groundwater - The inorganic lead compounds associated with iead battery
recycling have iow aqueous solubility. However, the Maximum Contaminant
Level for total lead in drinking water is currently 15 ppb - only a small amount
of lead can make the groundwater unacceptable as a drinking water source.
Furthermore, reducing the pH will substantially increase the aqueous solubility of
lead. One source (Watts, 1984) indicates that the solubility of lead at a pH of 4
could increase to 10,000 ppm. Therefore, if the sulfuric acid in the recycled
batteries was not collected or neutralized, its discharge could elevate leveis of
soluble lead in the groundwater.

Piles - The piles found at a site may be broken into four general types:

(1) Battery casing scrap piles - These piles consist of battery casing
fragments (hard rubber, ebonite, or polypropylene) with lead sulfate
imbedded in cracked casing material; intemnal battesry components (e.g.,
polyvinyl chigride, paper); residual leed sulfate siudge; lead dioxide:
sulfuric acid; metallic lead particles; and scrap. Additional processing
(cleaning, sizing, separation) may have processed the material further

- for on-site or off-site use for plastic recycling or fuel. Lead content of
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battery scrap pdes ranges from 1% to 30% total lead. Lead n TZLP
leachate frequently exceeds 5 mg/L. Battery casing ples can te
hazardous by virtue of their iead and lead compounds contents:

leaching into and through the soil to groundwater or surface
water (and subsequently to drinking water);

- moving to receptors via surface runoff, then to surface waters or
sediments, thereby affecting drinking water or ambient water
quality, and also contaminating sediments;

- migrating from the.site as airborne dust; or

- directly contacting humans or animals in the food chain.

Although it has not been raised as a concern in the RI/FS, a pile of
battery chips could bumn, emitting iead and other contaminants to the

air.

Smeiter/refiner waste piles — Although a fair amount of recycling of
process by-products occurs in smeiting and refining operations, various
non-recyclable wastes are generated. These wastes are considered
non- recyclable for technical, environmental, heaith, or economic rea-
sons. They may include slag (principally silicates produced during the
smaelting process), matte (a metallic sulfide containing iron and lead
produced during the smelting process), speiss (a mixture of metallic
arsenides produced during the smeiting process), dross (the scum that
forms on the surface of moiten metals because of oxidation or the rising
impurities to the surface), air and water pollution control sludges, other
residuals, and miscellaneous debris. Some of these materiais may have
been recycled during operations at one site, but not at another. Waste
plies may also include battery debris, if some or all of the casings have
not been recycled. In addition, other operations conducted at the site
or landfil could have received wastes from other sites or non-battery
lead scrap. These wastes are possible sources of non-battery contami-

nants.
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Lead content in waste piles can De substantial. For examoie =ag
content in samples from one pile ranged from 1% to 28%. Ccntamina-
tion emanating from these smelter/refiner waste piles has been man-
aged with a range of care and shccess at various sites.

Smelter/refiner waste piles are hazardous because lead. lead com-
pounds and other contaminants could be transported to receptors via
leaching to groundwater, runoff, airborne dust, and direct contact.

Commonly re-used smeiter/refiner by-product piles - Depending upon
the operation at a particular site, piles of slag, dross, speiss. matte, and
pollutioh control siudges may have been set aside for recycling back
into these or other processes. The materials may have potential value
to another smeiter/refiner.

These by-product piles pose the same types of heaith and environmen-
tal threats as for the smeiter/refiner waste piles described in (2). De-
pending on the site, some routes of migration may have been biocked,
for example by a concrete pad covering, or runoff channelling to an
on-site treatment facility. Also, these piles would typically be smailer
than the waste piles.

Raw materials - There may be whole spent batteries, scrap lead, coke,
scrap iron, and other smeiting and refining agents present on-site.
Hazardous conastituents from the raw materials could potentially be
transported to receptors via leaching, surface runoff, airbome dust, and
direct contact.

Structures, buildings, and equipment - A variety of contaminated structures,
buildings, and equipment, which may be encountered at lead battery recycling
sites, will require characterization. Once surface contaminant types and levels
are identified, a determination must be made: whether no action, decontamina-
tion, re-use, or demolition/disposal is/are necessary, feasible, and appropriate.
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Residences on and near several siteés have required characterization of cen-

taminant levels.

The following types of structures and equipment have existed near process
buildings:

shipping and receiving areas; battery breakers; acid collection sumps:;
battery component segregation, sizing, and cleaning machinery (e.g.,
conveyors, screens, cyclone separators, flotation separators, washing
apparatus, and associated piping, tanks, etc.);

- Kiin feedstock preparation areas; kins (blast, reverberatory, or rotary);
sweater fumaces; aggiomeration fumaces; refining ketties; and associat-
od exhaust stacks and piping, some of which may be asbestos- coated;

- air and water pallution control equipment and associated piping, tanks
{perhaps containing corrosive and toxic wastewater), and mixers;

- storage bins (covered and uncovered, with and without floors) for
batteries, battery scrap, slag, dross, and other process raw materials,
by-products or waste;

- plastics washing and recycling equipment;

- above or below ground fuel tanks;

- sewer and wastewater lines

Process structures, buildings, and equipment have been considered hazardous
" because lead, iead compounds, refining agent dusts (e.g. arsenic, a carcino-
gen), and other contaminants could be transported to receptors via contaminat-
ed surface runoff, airborme dust, and direct contact. Recognition, evaluation,
and control of risks posed by airborne dust and direct contact are particularty
relevant for the protection of workers involved in site investigations, sampling,
decontamination, or demalition operations.

Pits, ponds, lagoons, and surface water - These locations may contain corro-

sive and otherwise contaminated waters and siudges. If unlined or poorty lined,
they can act as a source of contamination to underlying soil and groundwater.
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'f preciptation exceeds evaporation, water contaminated by CCfrosi.e. sciutia
and suspended solids may overflow boundaries and migrate. A similar situaticn
could occur if an impoundment wall fails.
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APPENDIX C

LAND DISPOSAL RESTRICTIONS FOR THIRD THIRD
SCHEDULE WASTES; RULE
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Federal Reaister  Voi. 330 No. 166/ Fmaav. T.ne Lo Ry ogng Rolugnors 12263
g
SCAT TREATMENT STANDAROS FOR D007  icr many D008 wasteson a gahiin& Jata {rom various sources. Mcs! o ma

{NONMwWaSlewaions )

Manmum
'or any
Sequiates comuuent sngie gral
SAMEIA.
TCLP gt
Chcomeum (TCAN L L S50

SCAT TREATMENT STANOAROS FOR 0QD7

CNasiowsiers)

Maxumum
10f any
$1ng!e grad
SaTe,
ota

o
Mg

Pequiited corsntuent

Coromeum (TI&) ... $9

SDAT TREATMENT STANDARDS FOR U032

{Nonwasiewsjors ]}

Manmum
ar any
L ad Ao

SN,
TC.P (mg/n)

Reguiated consttuent

bYasis. Aiter detailed analyais of the
available data, EPA conciudes that
trestment to 5.0 mg/l EP best represents
the achwevable treuiment stundura for
tne entire spectrum of DOO8
nonwastewaqters. In addition. EPA 1s
¢stablishing (ne treatment stanaard for
wastewsnters at the charactensic level
{ur the reasuns stated in scction 111D of
the preamble.

(a} Nonwastewaters. The Agency
proposed a cut-aif concentration of 2.5%
1otal lead as a means of distinguishing
between those essentially \norganic
nonwastewaters contaimng recvclable
levels of leud and those wn:ch cun be
cifectively stabilized. Consequentiy, the
Agency proposed two treatabiiy
groups for lead based on the 2.5% cutoff
as the Low and tfigh Lead Subcategory.
‘The Agency solicited comments on the
use of the cutoff level and whether the
2.5% totul lead gives an accurate
descrniption of lead that can be recycied
from D008 nonwasiewaters. Many
cummenters requested that the Agency
not promuigate the cutoff level. In fact.
many commentcrs suggested that it s
not mically feasible to recycle

Cn (Towi) a0

SDAT TREATMENT STANDAROS FOR U032

(Wastewaters |
L Manmum
C for ey
wngle gred
Roniatea consutuent S 2N,
(L")
(Anysi)
Cr (Total) 032
f. Lead
No08—EP 1oxic {or lead.

1"10=1 etryeinyi lead.

(' 144=mlrad acetlate.

CliS==daid prvaphale.

L1i0—Leuu subacatate.

NOGS=Emission control dust/siudge from
secondary lcad smelung.

K100—Waste icaching solution from seid
leaching of b dust/ shuckg
from secondary Wad smeinng.

(1) D008 Wastas. The Agency. as ons
aiternauve. proposed treatment
standards belew the characteristic
levels for nomwestewsters and
wastewaters 88 0.52 mg/! TCLP and 0.04
mg/l, respectively. The Agency siso
proposed an option of capping the
ireatment standards foc DOOS at the
characteristic level. Additional dats end
comments were received that indicatod
thut the proposed levels of 0.51 mg/l
TCLP «nd 0.04 m3/l were unachicvable

lead from wasics with less than 25%
lead. Many commenters (inicuding those
from secondary lcad industry itsell] also
stated that lead concentrations are not
the sole meusure of recyclability. The
commenters presented data that
indicates that DCO8 nonwastewaters
with greater than 2.5% total lead can
alten be stabilized. Therelore. the
Agency hus decided nuot to-promulgate
the cutoff levels and has decided not to
udopt proposed Ligh and low lead
treatability groups far DO0S
nonwastewaters and instead to
promuigate genencully appicable
treatment stundurds.

In uddition, the Agency proposed and
solicited comments on three opuons lor
the development of treatment standurds
for DOOS nonwastewaters. The fiest
option was to develiop & numencal
treatment standard for those D008
nonwustewaters that can be stabilized.
Conscquently, the Agency proposed a
aumencal treatment standard of 0.51
g/l for leuchable lead based on a
irensler of the performancs of
stabilization for FO08 wastes. The
second option was 0 specifly Thermal
Recovery as & inethad of treatment as
the treatment standusd for LO0S
nonwastewylcrs where the lead could
be recovered. The third option was o
limst the treatment standard for D00S
nonwusiewyters to the characlenstic
lovel.

During the comment period. the
Aguncy received DUo8 nonwuastewator
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data came from stabiuzing spec...c Duod
nonwastewaters. Some of the Qutla were
from the foundry industry. secondary
.cad smelters, the glass industry, and
commercial wreaters of D008
nonwastewaters. The majorily of the
cJta received by the Agency a:d not
have the proper QA/QC. corresponding
infivent and elfluent gata. and ucsign
and operaung parameters. 30 the
Agency 13 hesitant to use tne data in
ceveloping treatment standaray. The
Agency. nevertheiess. evaiuated ail of
the data 1o assess the ranze of was'e
varisbality and what standard could
typically be actieved.

Statnlization date ways submitted U
the fuundry 1ndustries by \Wwheland
Fuundry and the American Founurvmea.
The untreated lead concentration renged
up to 88 mg/1 leachable using the EI’
toxicity test. An analysis of the da'u
indicates that the perforimance of the
treatment system could achieve
leachable levels of lead lower tnhan the
characienstic level. In fact. the tughest
leachable concentrauon of lead 151 4
mg/l. Although these data showed that
the leachable concentration of lead wus
below the characteristic level, the
leachable level for cadmium was higher
than the charucteristic level. These data
clearly show that the other metais in the
wastes could affect the performance of
stabilization for this waste. Put another
way. this means (assuming proper
treatment performance] that the
performance of the treaiment sysiem
could achicve concentration tevels
Lelow the charactenstic level [or lead
but levels higher than the charactenistic
level for cadmium.

Data was submitted by two glass
manufactuzes, Vision Ease und Cibyy -
Gegy Corporation. Vision Ease
submitied (reatment duta for
stalulization of ground glass particies.
wastewater (reatment sludges. and
polishing and gninding dust. The type of
tunder used was hydrated iime and
sodium monopliosprhate. The co ter
indicated thdl theaa untreated wasies
containad totul lead concentrationy
greater than 2.5% end leached higher
than the characteristic level: lowever,
no actual influent concentrations were
submilted. The commenter also did not
submit QA/QC data. Il the Agency
culculuted & treatment stundard using
the stabilized data, the standurd would
Le the characteristc level of 5.0 mg;!
measured by the EP test.

Ciby-Geigy submitted treatment data
for waste produced in the manufacture
of glass enamuls. These wastes were
produced from equipment and coatainer
washing dunng the manufacturing
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“-1cpSs These wasiung were ‘reated Gy
;W islewater treatment svsiem that
arrared @ uadge that exnioited the
~iracterstic of toxic)ly for iead The
s~ menicr submitted two sers of data
T s saz 2ot 5f data way UTesrment oi 3
2507 ead axide siudge ov stabuizing
ALt ias 3. (018, 4nd caicium cnioriue
L7 then ne2ting 'he wastle 'o a
- .xumum temanrgure of 1850 egrees
nrennet 1) 2eoguce A ceramic
~i1tenai. This ceramuc materiai ieached
~14 concentration ranqing (rom 0.2 to
= 4 ppm as measured by the EP test. if
2 Agencv caicuiated & reatment
wandard for this waste, e treatment
-rindard wouid he 0.89 me/l measured
‘v ine EP tesl. For this data set. there
~as no untreated leachabie
~cncentrations of lead. thereiore the
Aecncy cannot determine whether the
waste was nazardous before ircatment.
“he aecond data eel contained lead
~xide conceptration ranging from 13% to
==, The wasie was mixed with borax
-~dd taen neated tn & maximum
~mperajure of 1450 degrees Fahrenhest
s cetamic matenal ieached lead at
‘eveis ranging from 0.2-40 ppm measurd
l1v the EP teat. Of the 11 dita poats that
ware coilected by the commenter. 4 of
e 11 wouid fail the EP test. The
Agency did not use these data to
caicuiate a \reatment standacd,
~nwever. because each used different
Iinder ratios. These two data sets from
riass munufacturers cicarly show the
dsversity of the waste and a diffcrence
n treatable levels. In some cases
<iainlization can reduce leachatnlity of
iead at. or somewhal befow. the
ciraracteristic level.
The Agency received data from the
Serondary Lead Smeliers Associalion
2i.5A) on the treatment of siag by
stalnhzation. The wastes contained total
concentrations of up to 10 percent lcad.
The types of Linders that were used
woerg portiand cement, polvmers. and
s:icntes. The commenter submited
apnroumntely 110 daia points from two
different piante. The nnder to waste
ratos ranged from1to 2. to 1 (0 18. In
the dats submiasion. there was ne QA/
GC dJats snd no corresponding influent
icachable lead concentration. One data
<ct was based on use of portiand cement
as a stabilizing agent with & binder 0
waste ratio ranging from t to &, to 1 to
10. The Agency caicuiated ¢ trestment
standard of 2.47 mg/i was measured by
the TCLP from these data. The other
data set wes based on the use of
poiymers and silicates as siabilizing
agents with binder 1o waste ratio
ranging from 1t0 8. 1o 4 to 10. There
were approximately 94 dats points. and
aof these dats points. one was sbove the

“~araccenstic weves joriead The Azenr,
;506 'ne<e 3313 10 ca.cuisie @ (reatment
s ingara of 482 masi as measurcy oy
‘me TCLD.

The i{azardous Waste Treatment
Crnran ' HWTC) suomutted 2nt aata
@ty {ng the treatment of DOOH
~rnwastewatcrs. There was no QA/QC
ang nfiuent leachable concerniration of
.~ad. The data set with the nt2nest
cancertrat.on of totai iead wins a zinc
ammonium chionde soiid from tne
manufacture of containers. This wasie
nad a totai icad concentration of 43.000
ppm. This waste was stabihized to a
.cachable level of lead ranging irom 6.47
10 87 ppm as measured bv the TCLP.
This stabiiizen waste represented a
voiume increasc ratio ranging {rom 1.8 to
2.5.

The dala set with the aext Jughest
tntal lcad concentration was geaerated
from anncinerntor fly ash {rown the
arrospace industrv that contained 810
ppm of total lcad. Based on the data
provided in the comments, this waste
wouid not be considered
~anractensticaily hazardous due to the
fact that the untreated lcachable level
for lend 13 0.0749 ppm. This waste was
treated by stabilizing with a binder to
waste ranho ranging from 0.89 1o 2.0. The
treated leschable levels ranged from 0.1
to .27 ppm as mcasured by the TCLP.

The third highest data set represented
data from three soils contaminated with
lead and petroleum, with concentrations
ranping from 29 to 581 ppm 1otol Icad.
Thus waste contained total iead
roncentration of 29 ppm. and had a
corresponding untreated leachable level
of 6.01 ppm es measured by the TCLP.
which is above the charactenistic level.
These soils resulted in the best
treatment. with levels ranging from 066
10 0.257 ppm as measured by the TCLP.
This represented a voiume increase
ranging fram 1.6 to 3.4.

The HWTC provided three other data
sets representing waste gencrated as
walcr hiteate and siydge from the
manuflacture of conduit. as ammonium
hydroxide siudge from electropiating.
and as sump sludge from the
reconditioning of metel drums. These

TTOrOUMALCEY 370 0L TATeLY
3o 1z0d "9 Tne CRNATACTer. ST ave.

(. nougn tne data are so erd4rse -
St CONCIISIONY IT8 DNSIL.Y These
114 A1%0 SNOW tRat mast of the
~rreated wastes discussed inthe
HWTC comments c.& not ~xmibit a
~~aracleristic befare statnuzaton. Aso
‘Srge gata Mghiight the diversity of Do
ronwastewnters tnat can ve ‘rrgted

Tae HWTC nommented on aata
s;omitted to EPA from tae Seconaary
i.eaa Smetters Association (SLSAJ. Tan
{iWTC conciuded that (ne trearment
data support concentrations of iead
telnow the characteristic iever, The
HWTC aiso stated that these ca:a
support the proposed BDAT treaiment
standard of 0.51 mg/i. or at least
achieving levels beiow the cnaractenstic
fevel. The HWTC points oult that agents
sucn as fly ash. iime. and suilide wouid
pravide for a higher degree of
astabiiization than just adding portiand
cement.

The Agencv does nat aaree with the
HAVTC thal 1hese gata support
treatment leveis signmificantiv beiow e
charactenstc ievel. The data providedi
by SLSA clearly show that two treated
data points of 87 were avove the
charactenstic level. The Agency used
the data !0 calculate a treatment
standard of 4.82 mg/i. very ciose to the
5.0 mg/i charactenstic level. (n addition.
the Agency does not agree with HWTC
that other stabilizing agents mav
provide s higher degree of stabilization.
At the least. the proposition 18 not seil-
evident. The data provided by SLSA
show treatment by three types of
Linders and a significant range of linder
to wasie ratios. Using the highest binder
tn wasle ratio for these wastes, the
treated level is higher than the
charactenstic ievel. (In addition. there
arc 1ssues of whether stabilizauon of
slag 1s appropriate treatment. See
discussion of inorganic debns in
preambie section ULA1.8.(2).)

The Acency does not believe that the
data 1t recerved in response to the
proposed rule represent the entire
spectrum of charactenstic lead
nonwastewaters. Also. these data do no!

wastes had total lead entrat
ranging {rom 234 10 460 ppm. There was
no untreated TCLP data corresponding
to the total lead levels. The stabilized
wasles ranged in concentration from .06
to .10 ppm as messured by the TCLP.
The binder to wastis ratio ranged from
161018

Of these data, the waste with the
highest total icad concentrstion shows
treatment levels barely above the
characteristic level of $ ppm. Thess data
show that a high concentrauon of lead
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pport the assumption that
charactenistic lcad nonwastewaters can
typically be treated to levels
significantly less than the EP
characteristic level. The limiled amount
of data does not reflect the full measure
of waste varniability inherentin a
characteristic waste. particularly
vanability of matrices and lead
concentrations. In addition. the
commenters do not address how
treatability of other metals could be
affected by optimized lead trcatment,
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nor has EPA had ths hime to address this
1ssue. With the eatment of the Vision
Ease waste ta 5.0 mg/l s messurcd by
the EP and the SLSA data demonsiratung
‘rea:ment 10 4.82 mg/| as measured by
:me TCLP. and data points above the
cnaractensuc ievel submitted by the
waste reaument industry. the Agency 13
adopting for nonwastewater forms of
DOCY wustes, the reaument standard
equal to S0 mg/l 88 meusurea Ly the EP
procedure. The Agency is adopting this
approach to address tne range of
variability inherent in the DO08 wastes.

Because a facility may generate a
waste containing iead and other metals.
the TCLP {which 18 required [or most
other metsis) may De used 10 measure
compilance with this wtandard. EPA 18
not busing the standard for D006 on the
TCLP. however. because that protocol is
more sggressive for lead than the EP.
The Agency is not sure that levels of 5.0
mg/l as megsured by the TCLP are
typically achievabie. The TCLP can be
used to demonstrate comphance.
tiowever. if the snaiysis shows that the
waste leaches below 5.0 mg/| for lead as
measured by the TCLP. then the facihty
has complied with the standard. if the
waste leaclies ubove 5.0 my/1 for lead.
then the fucility may anaiyze the sample
using the EI’ prucedure. {1t should be
noted. however, that if a waste exhibits
the amended toxicity charactensuc. it
must still be managed in a Subutle C
facility even if it is not prohibited from
land disposal).

(b} Wastewauters. In the November 22,
1909, proposcd rule, the Agency
proposed a (reatment standard {or DOCS
wastewaters of 0.04 mg/1 based on a
transler of the performance of
precipitation with lime and sulfide.
filtration. and settling for K082
wastewaters. In addition. the Agency
solicited coraments on the spprouch of
speciiyung a precipitant as a method of
trestment for DOOS wastewslers.
Comments were solicited on whether
the Agency should develop treatment
standards based on data provided from
the primary snd secondary lead
smeiters \ndustries as part of the
Agency's effluent limitstion guidelines
program.

Many commenters questioned the
Agency's technical capsbilities of the
transier of the perfermance of the -
treatment sysiom for KOOZ westes as
compared to DOSS wasiewaters. In
purticular, the commenters ponted out
that the untrested K082 wasiswaters
had low concentration of lead compared
to the DO0® wastes us actually
genersted. However, commenters
submitted addinonal data indicsting
that although the 0.04 mg/| for leud was

unachievable, precipiation and
filtration treatment couid achieve
concenirations o! iead in the eifluent
luwer 1ian the churacteristic level.

[n partcular. the Agency received
treaument data for DDVA wastewalers
from three sources. One set of data
submitted to the Agency was irom the
Battery Councul. inc (BCl). These data
represented a sinsil portion of the data
that was collected in the etiluent
Limitatiuns guidelines program for the
battery and nonicrrous metais point
source category. BCl's contention was
that if the Agency decides to deveiop
treaimer;t stancards lower than the
charactenisuc level {ur DOOS
waslewulers. then the Agency should
base the levels on the eifluent guideiines
for the battery and nonferrous metais
categories. The Battery Council
submitted treatment data using the
following treatment technologies: ime
settling. hme settiing and filtranon, and
carbonate precipitation, setthing. and
filtzation. Tins duta showed influent
concentration leveis ranging up to 300
ppm. The data showed a substantiul
reduction of lead and other metals from
the treatment system. BCl submitted
courresponding qualily assurance/quality
control (QA/QC) information for the
data. If the Agency uses the data from
the treatment system. the calculated
treaiment standard would be roughly 0.8
mg/l. an arder of magnitude lower than
the chaructenistic level.

In addition, the Agency received D008
wastewaler data from Tricil
Environmental Scrvices, 8 trester of
D008 and other charactenstically
hazardous wastewaters. However. this
waste was commingied with other waste
befors \reaiment. theraby blending
dawn such that the concentration of
lead would be lower than what was
actuslly reported. Data was submitted
on the treaiment of lead by precipitation
with phosphate. (uilowed by settling.
and filtration. The concentraion of lead
in the influent before blending down
ranged up to 50,000 ppm. If the Agency
used all of the treatment data in order to
calculate a trsatment standard. the
performance of the treatment sysiem
indicates that a caiculated trestment
standary is 0.2 mg/L. which is more than
an order of magnitude lower than the
charscieristic {evel. The Agency wouid
hesitute 10 use the duta in devclioping
trestment standards foc D008
wastewusters due to the lack of QA/QC
data and correspondiag influent and
effluent duta. Becauss of the initial
concentration of lesd and
concentrations of other dissolved metal.
the Agency believes that these wastes
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represent the variability associated w.in
the charactenstic wastes,

Also. the Agency received ireatment
data from a {oundry facility treatuing
D008 wastewater. This dals represents
trealed wastewaters by precipilation
with high magnesium lume and filcation.
The lead concentration in the untreated
wastewater ranged up 10 278 ma/l. if the
Agency used all of the treatment datas.
the calcuinted trestment siondard 19 0.4
mg/l. which 13 an order of magnitude
wower than the charactensuc level. For
this data. the Agency evaluated the QA/
QC data. the design and operating
purameters. and correspanding :r.fluent
concentrations.

Bused on Lhe evaiustion of all uf the
waslewulers data recewved from
comments, as well as the various Clean
Water Act. effluent limitation guideiines
and pretreatment standurds regulating
lead (for example, the Combined Metais
Data Base and regulations for primary
lead. secondary lead and Lattery
manufactunng), the Agency concludes -
that well designed and well operated
treatment systems can achieve totu!
concentrauons of lead lower than the
characteristic ievel. As expiained n
Section I1.D, however. EPA has
determined not to requice hazardous
wastewalurs to be treated to levels less
thaa the characteristic leve! in arder to
avoid significant and potentially
environmentally counierproductive
disrupuions 0 the NPDES/pretrestment
and UIC proyrams.

In addition. muny commenters
suggested that the Agency not specify o
precipitant as a method of treatment for
D008 wastewalers. Many commentcrs
suggest that particular precipitants may
perform better depending on the
charactenstcs of the waste. For
example. Tricil Envirvamentul poinis
out that phosphate s & supenor
precipuant than carbonate or suifate
becauuse of the low solubility of lead
phosphats. The Agency agrees with the
commenters and is not promulguting a
precipitant as a method of treatment. In
fact. the Agency is promulgating the
treatment standard st the-characieristic
level, thersby tresters and generators of

. D008 wastewaters may select any

precipitant in order to meet the
characteristic level.

(¢} Lead Acid Batteries. For lcad acid
baticries, the Agency is promulgating a
standurd of “Thermal recovery af leud
1n secondary lead smeliers (RELEAD) .
{See § 208.42 Table 1 in today's rule for a
detailed description of the technology
siandard referred 10 by the five letter
technology code in the parentheses.)
The Agency believes that virtually all of
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“mtreytrrg of LA2d acr hatianiog are
,5,1Q A crenVery Procnss
acieentgiey. the Ageney ngres "nat
-t g hatieres themsiives warn
<1, 3re not considerad 1o neand

incee i Because the battesy 09

m<.errg in e a continer see 33 CiR

Pt Daltery storaur, poweser,

v s anriect to e suerar |

NPTe g ang irdearcianng to sncure

L3320, SECSNLIARY Crt pRmentin somy
~raacts, ana other roquiremen's). See
suipart Gof part 266.

Jrner commeniery aursiinned
Luether the s or matre from recuvery
.-acesere wonid need {urther treatment

~d whir o iipse wastes snouid oe
~acnd 1 inonafiils. The residuais from
~e reroLvCry process arc a new
seatabiiitv group (1.e. tne residuns are
~nt iead acid battenes) and thereiore
e stitus as prohibited ae
~onprotibited 1s determted at the point
:m residues are gencrated. Such
-:sidues wouid thus only oe promibited
-1iri tnerciore require furtner treatment
 :nev exinbit a characterisiic. See

scussion of 1norganIc debrts in sectinn
i oitodav s rule.

SYPIIN Udd UI45, and U135
*cates. The Agency proposed
warstewater treatment stanaards for
.oad for PLHIN. U144, U11S. U146 based on
.1 transfer of the performance of
Srecipitation wath hme and suilide,
SJdration, and settiing for K062
waslewaters. While tivese U and P codes
zenresent primanly organo-lead
nmpounds and onc may consider that
1o teansfer from an inorganic lead Lo an
~reanic tead s not feasivle. nn

mments were recrived indicaung the
ik of avimevality. The Agency s
.aanent s that the standard ia
Cramcady frasinle. Therefore. the
‘eencyv s orumuleating a standards fur
cad i P110. Ud4. UL45. UL46
wastewanters of 0.04 ma/l 4s proposed.

1he Agency has determined that same
“enwastewoter forms of lead wastes
cosding P10, Ut 4, UL46. and some
UUCY wasies, wouid nred (o be
~ranerated prior to stabulization due to
:ne presence of high concentrations of
orzaics 1n order 10 achieve a treatment
stanulard based on stabihization. This s
srnnacty because the onginics tvpicaily
‘nteefere with convenhional stabilization
srucesses (particularly at coneentrations
~vceeding 1% TOC). The Agency has
:1413 on the incinerstion on organic
wastes containing up to 1.000 me/ kg
irad (3uch as KOS? wastes) (ollowed by
stabilization of the ash. These data
:ndicate that the proposed standard (i.c.

0.51 mg/l leachable lead) can be

Csitrawasiesirat vy Tant

[ofelelafabe S5 SETaN vl Sa ikt~ £t RadValt

Leiaceras'Lsid)an
e U136 ate antrimare
RELTIE IR THRT
AT IRGIN terrPAnt oy !
volien aromigiegtiaa
‘ae b4 me i sowngard forarzannae g
SN U198 ang Uen
LLLonaiy, the Agensv recenrg nn
ramm—anis nn iac feastniiity of the
‘ranstcr of icad in RUn2 wasiewaters in
srad srceprate U145, Therciore, e
Ageacy will promuigaie a8 propose:i
A CFG Inteday s tuie tre Agenevas
DrCMmLL230ng reatment stingears for
K069 nnwastewaters in ike Cyivium

Sulfa:2 Subrategory. and for wastewaier

forms of KOG9. [n aduition. the Aecncy 1s
revasae the no innd disposal based on
sacveing as a teeatment standard for the
~Non Caicium Sulfate Subcategory lor
K09 nnnwastewatrrs and 19
rromou:2anng "Thermal Recoverv of
Lead i1 Seconaary Lead Smeiters
IRLEADI See §268.42 Table 110

toactis s ruie for a aetarled deseription of
the 1e-naatogy staadard ceferred to by
the [in e ictter technoiogy code in the
paren-neses.

For KuGd wastewalters, the Ageaey is
promuigating treatment standards {or
caamium and iead. Far cadmium. the
treatment standard is based on the
performance of chemical precipitation
with iime and suifide and sludan
dewarering for K062 wastes. For lcad.
the treatment standard s based on the
pericrmance of chemical precipitation
with magnesium hvdroanle followed by
clani;icanon and siudue dewatering for
LU0y wasiewaters. This ire-tment daia
was < nmitted as part of the public
camment perind. The Anen-v believes
that (nese wastewaters bhettar represen!
4 K01 wastewater due to the
concentration of lead (+ & uji to IN0
ppm: The Agency beiic.ws that the
periurmance of both technotgies can
achieve the reculated concentrntion due
to tne fact that both preciptyling agents
are hudenxides.

BOAT for KUGS nonwaslewalers in the
Calcrum Sulfate Subcategury 1s
stabiozonnn, The Aarnev beheves that
theer 18 onty one generator of this wasie
and tnal this waste cannot be dicectly
recavcied ta recover iead. The waste
characterizanon data from tho one
gnnerator indicated thal this wasie
contains metal constituents such as
cadmium and lead. The meial
concentrations range up 10 3300 ppm.

For the K089 nonwastewaters in the
Calcium Sulfate Subcategory. the
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WASIOWALETS ANG NONWAS rw.ler foFT s
A K100 wasies as oropased. £or
“agmium and ot raroreum on K1t
WARIEWALETS. 'FCOLNCT! SIaNGAIGS a7
“ased nn a transfer of the nericrmar - »
f chromium reduction foiswea oy e
and suifide precipitation. ang
mrwatering for KOGZ wastes. Fer icau =
K100 wastewatcrs. treatment stanaar !
.3 haeed on the performance of chemic.
precipitation with magnestum hvdrowa
inllowed bv claniication and siude~
dewalertne for D008 wasicwarers. Tho
Agencv beiteves that both tecnrologies
ran achieve tne concentration of the
reguiated consutuents aue 1o Ing faci
‘hat both precipitating anents are
hvdroxides. For K100 nonwastewataers
treatment standards are based on the
trans{er of the performance of
stainhzaton for FOO6 wastes.

Trealment standards {or K1CO wastes
were onginally scheduled to be
promulgited as part of the Third Thity
ruiemaking. lywever. a treatment
standard of “No Land Disposal Based .
No Cenerauon” for K100
nonwastewalars was promuivaled nn
August 8. 1988 and subsequently revised
an May 2, 1989 (34 FR 18846) to be
applicehie oniy tn "Nonwastcwalter
forms of these wasies 2enerated by e
orocess described in the listing
drsecription and aisposed after Auausi
17. 1988. and not generated 1n the course
of treating wastewdter forms of theen
wiistes (Based on No Gencration). ” The
Agency received no comments on (e
treatment standards for K100 wastes:
therefore. the Agency 1s promulzating as
proposed.
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K108—\V ¢slewsiet treatment sludees from
the muscury ceil prucess 1o clhuonne
produsuion.

POGS=—=Mercury fulminate.

U2l tenyluercury acotate.

UiSt=—Mercury.

EPA is today promulgating treatment
standards for Duuy. K108, Poss, Pou2,
andd U1S1. EPA has revised the proposed
regulatory approach [or some of these
wiistes in response to comment. EPA is
ulso withdruwing the propused revisions
for K071 noawastewatcrs. These wasies
are described fully in the respective
Listing Background Ducuments.

(1) Review of BDAT for
Nonwastewalers. EPA identified
thermal recovery processes. acid
leaching, stululization. and incineration
as BOAT (oc mercury wasics.
Commenters questioned whether
thermal processing of mercury should be
the busis (or the exclusive busis) for the
treatment standard. Use of thermal
prog g fuises es uf cross-media
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transier Of Mercurvy as we: ds tne
caviranmental veneiu of tnerma
processing over stubinzaton cr wund
Jdnnasel. Other commente-questuncd
the amenubility of mercury suiide
wadstes to stabilization as weil as EPA's
proposed restnctions on co-drsposal of
mercury wastes with aikatine wastes.
The stalnlization comments and the co-
J:sposal ts>ues are audressed in section
H1A34.

Multimedia 1ssues ra:sed by thermal
processing of mercury matendis invorve
ire potenual transier of mercury and
suifur dioxide from the retorting/
rudsling chambers to downstream air
pouution contrul devices 1. APCD) and
potentiully 1o envirunmental meaia je g .
a1 10 water). Specificatly, cummuntery
felt that EPA had not properly
addressed the issue of mercury air
emissions from retorting and ureed EPA
t0 quantfy mercury emissions priur (o
determining whether roasung or
retorting represents BUAT fur muercury
and sullide wastes (1e.. K106).

The Agency acknuwledyes the
lceiumacy of the commenters cuncerns.
wanich the Avency stares. [he Acency
discussed the issue of air contruis for
muercury relorting et 54 FIR 40501, 1n
atldilion. the Acency provided
culculations ia the admsusirative record
for the proposed rule of the potential
amounts of sulfur dioxide enmissions 10
the air that could result (rom the
retorung or ruasting of mercury sullide
wastes such as K10U, bused cn avadable
performance data from « facility
thermaully processing cinnubur ores. EPA
also included the document entitled,
“Review of National Emission
Standacds (NESI{APs| fur Mercury”
(EPA 450/3-84-014. 1984} in the
proposud admimstrative record. (n this
1944 document, EPA provided
yuantitative anulysis for the potential of
Mercury ¥Ir enussions irom several
industrigl operatiuns that include the
thermal processing of cinnabar ores as
well as the retorting of mercury
containing wastes.

The available air emission
informauion shows that both mercury
and sullur dioxide emissions can be
elfectively controlled by well designed
and well operated air pollution controt
devices that allow for the recovery of
valuable mercury. Based on available
air emission information. performance
duta from the thermal processing of
cinnabar ores, and performance data
from the retorting/roasung of mercury
wastes, EPA determined that retorting/
roasting represent BDAT for mercury
wastes. EPA realfirms this
determination in today's rule. In order to
nssurs that wir enussions from mercury
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o baroym Wastes. For D00S and 7013
waslewaiers, EPA s promutaating
Lancentration stundards bused an
sremic ., orec:outanon: for COUS and
11 e cent gs indicated beiow!
~ awastewdtess. EPAOS promuieating
_oacenitat.en stufcurds Lused on

B .
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TNUSe Wasies e Naitursfel 2
stablozaten sulticient cunaciy exists
sarest surtace-umisposed DCLS and 1013
es. Vnerciure, EA is not crantinaa
on i capacitv vartaace for them.

ci Cadrium Wastes. for DOO6
woastes, ED'A s promuivating treatment
srandards for tnree coteeories:
wasiewaters. nonwasicwaters, and
ciumium batrenes.

tur DO wastewaters. EPA s
crogiuigdting concentrution standards
Lased on ceemicad prectmitation. For
Dol nonwustewaters, LA 1y
[romuiating concenteution stundards
tased oal Stabulizauon ¢r metal
recovery. EP beneves wnat sutiicient
CapaLiiy 1515 10 rewl surluce-wisposed
¢ 1gmium nonwasiewaters and
waslewaters. Thereiore. EPA 18 not
cranting u fationy! capacity vartance for
mem.

For D006 cadmium butlentes, EPA s
peumuigatuny theemal recovery as the
1zethod of treatment. ln the proposed
rule. ERA proposed granung D006
cudfriium batteries @ nauondl capacity
vartance due to v lack of nientitied
recovery capacity. During the pubhic
cominert penod. two commemers
dentilied available commercial
cadmum battery recovery capacity
i'nese comments were avatable for
repiy camments). EPA contacied these
Leminentess 10 veniv their capacity.
tased on these contucts, EI'A receved
additional infurmauon and determined
that sucuuale capacity fur treating
suligCe-spascy caunnum Luttenes
casts. Laesetve. EBA s not geanting
Ll cadoiium bdatlenes a nauonal
LdpuCity variance.

(d} Chronuum Wastes. For D007
cheumium and UGS2 (calcium chromite)
v.astewaters, EPA 1s promuigatng
cunceniration standards bused on
chromium reduction followed by
cremical precipitation: for D007 and
LU32 nonwasicwawes, EPA is
prumuiguting coacsatrelion standards
trased on chromiue reducuon followed
by stabilizauon. EPA believes sufficient
t:eatment capacity exists for the volume
ol these wastes. Therefore. EPA is not
rranung A nabional capac:ty vanance for
them,

te) Lizad Wastes.
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For Dfue wastes, EI'A 8 promuivaung
standards {0 tnrue culcgories:
~aawastewaters, wastewatery, and
tead-dod batlenes. For Duty
ronwastewater iead wasies, EPA s
cromulzating concentration standarus
Dased on stuli:zatoa, except waere th
waste CORtUtNg sidinficant
concen ratiens ol oreanics. In this cuse.
riege wustes mayv need 10 e Imcinetated
prioc tu stattazation, For Duid
wastewaters. CPA g promuiyaung
concentration standards based on
chemical precipitation. EPA believes
sufficicnt capacity exists for surface-
disposed U0GH wastewaters and
nunwastewaters. Therefure, EPA is not
sraning o nuhional capatity varnance o
Lo wdastewaters and nonwaustewalers,
with the excecuions noted below.

I.PA 18 prumuitisling thermal recovery
23 the mewnod ol treatment for lead-ucia
Latteries. Sucondary lead sinciters have
stated that they store these wastes
piles pricr tu recovery. EPA has
indicaled 1n & previous rulemaking that
the shells surrounduy lead-ecid
battenies are considered to Le storape
coatainers (>ce 47 FR 12318 and 40 CFR
264.314(N(3}). Therefloare. to the eatent
that leud-acid batlery storage meets all
the requaremcnty of the LDR storase
prohibitions at 49 CFR 268.50. such
slorage 1s permissible.

In the pruposed rule. EPA solicited
comments on the management of other
Lol lead mater:ul at secondary
sinelters. FPA al,oandicated that
storaue of lead matenials 1n waste piies
1f10r o smeiting 13 u form of land
dispusal, and ua such thuse stiping
ilgiss afe SLuLICT 1 the slatutury
pratibiuons. Dusts 2 the pubbic comment
penod. EJA recoived several cunaneils
Irom e sccondary lead smetung
industry requrding the storage of battery
parts prioe 10 smelting. Severnl
commenters expressed conceen that
EPA’s determinution that staging piles
are a form ut larul disposal cuuld force
them 10 close ur vpersle out of
cumpliance whiie staging piles are
replaced by tanks {ussuming tunk
storuke 13 viable). As a result of these
comments. EPA contacted severasl
sccondury smelices to asses the
poteatal capacity unpuct of required
staging area reconsiruchion. Becouse of
the large volumie: of hattenies currently
processed ot smuiting fucihities whose
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nlinled 510T33C I0er3 LT reTa s -
Ta2elon EPA s wronlng 4 iwn-seu
rutional capacity variance (o dituw
sturgue of the Lalturies preceding
smeitng. EPA 19 w130 reconwidenirg
wnetrer certain forms of dattery purts
siurage meet the meaning of “land
ispusal under section 300%(k) In
patticuiar. if battery parts {or other
wusies) are s1ored :n J-sided tack-une
uevices cn conicrete insige builaines ihe
present sturave method cf some
secondary lead smeiters) the A2ency 1s
rot certain that the lunguage anu
roiicies underiving sectica JOG4IA!
wdrfait desigAaling such praciice a3
“lund disposel.” Civen tne two-yveur
nutiongl Capacity vasiaNCe 10t Fole
however, the Agency need aot mune @
finul dectsion 0a tius point in tys
rulemaking.

For 110, U144, U145. and Ul4s
wastes. EPA s promulgating
concentratiun standards based cn
chenucal oxidation followed Ly
chumical precipitation for wasiewaters.
and stabilization for noawastewatery.
17110. U133, U143, and Utds
nonwvasiewaters cuntuining significant
cuncenirations of oryunICs Niay require
incineration prior (0 stabilization. EPA
believes suflicient capacity exisis for
the small volume of these wastes that
ere surface-disposed: therefore. FPA is
not granting & national cupac.ty
variance for them.

EPA 13 revoking the no land disposal
stundard based on recyching standard
promuleated in the First Third rule for
the nut-calown selfate subcalegary for
KUGY nunwastewalers. For K09 calcium
sullute nunwastewaters, EPA i
promulvaung cuncentration standards
based on siabilizitivis. FFar K903 non-
Ceivtum sulfatlenivitwastewaturs. EPA 1y
promuleating reevehiag as Le micthiod of
rrcatmott. Fur Ko wastewaters, EPA s
promulgeting concerstion steadatds
bLased vn ciemecs! precpitatiua, £I'A
bLeties ca adeytiile Caputily ciists 1o
treat ihe vuluitie of suifuce-diaposed
RULD waatCanaleny and ROSwasiewater..
therclure, B\ s ol granting a4 capaciy
Vvabanct o thca.

For K1U0 nonwastewaturs, EPA s
revoking the no lund disposal staudard
Lased on the 00 gunerauon stundards”
promulgated 10 the First Third rule.
Today. EPA 18 promulviting
concentration stanidurds bused on
stubihization fur the nonwastewaters
und chemical precipitation for the
wastewaters. EPA believes adequate
capacity exists 10 treat the volume of
surfuce-disposcd K100 wastes.
Thereiore. EPA 18 not wranting o
copactly vanance for them.
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vEMoRANDUM N 2y e
SUBJECT: "Cleanup lLevel fcr Lead in Groufid ter
TROM: Henry L. lLongest, Directer

Qffice of Emergency and Renme esponse

-

;é;ment

Bruce . Diamond, DirectorX
Office of Waste Prcgrams Enl&

T0: Patrick M. Tcbin, Director
Waste Management Division, Region IV
DURPOSE
This memorandum addresses the issue of a protective cleanup

level for lead in ground water usable for drinking water, which
is a major concern for several Superfund sites in Region IV.

QBJECTIVE

The objective £ this memorandum is to recommend a final
cleanup level for :d in ground water usable for drinking water
which will meet the ZERCLA regquirement that all Superfund
ramedies ke protective of human health and the environment.

SACKGROUND

The current Maximum Ccontaminant Level (MCL) for lead is 50
ppb and was promulgated in 1975 as an interim national primary
drinking water regulation (NPDWR) under the Safe Drinking Water
Act (SDWA). oOn November 13, 1985, the Agency began the process
of revising this standard by proposing a Maximum Contaminant
Level Goal (MCLG) as required by the SDWA (50 FR 46936).

On August 18, 1988 EPA proposed an MCLG for lead at zero and
an MCL of S ppb (53 FR 31516). Also, since the primary cause of
lead-contaminated drinking water is corrosion of lead-bearing
pipes in public water supply (PWS) distribution systems and/or
household plumbing, the proposed rule would direct PWSs to meet
treatment technique requirements and to deliver public education
to reduce and minimize exposures to lead in drinking water.
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These requirements wcudd ce =Zriggerad when an acticn level
is axceeded at ccnsumers' Tacs throuchcut the water distributicn
systemn. The Agency progcsed an acticn level of 10 ppb, cn
aserage, to trilgger corresicn centrol and public educaticn.
Ancther lead action level cf 29 ppb, measured at the 95
cercentile of samples, was prcocsed as a trigger for public
education.

The Agency is considering promulgation of treatment
technique requirements which may include additional source water
treatment, lead service connection replacement, and public
education if lead concentrations at the tap exceed an action
level. Any such technological treatment targets will provide
substantial health protection. A final rule is being worked on,
and is scheduled for prornulgaticn in December 1990.

DISCUSSION

No cancer potency factor or reference dose has been
promulgated for lead: therefore, an assessment of protective
levels of lead in ground water that may be used for drinking

water purposes will be based on current data. The Agency has
" identified 10 micrograms per deciliter (ug/dl) as a blood lead
level of concern in young children. Blood lead levels above 10
ug/dl are associated with increased risks of potentially adverse
effects on neurological development and diverse physiological
functions.

Attached is available data that support the recommended
final cleanup level for lead in drinking water at Superfund
sites. This information includes the June 15, 1990, EPA draft
final report entitled, "Contributions To a Risk Assessment For
Lead in Drinking water" and the June 1986, EPA draft final report
entitled, "Air Quality Criteria for Lead" (Volume III of IV, p.
11-129). Based on these data, lead levels in drinking water of
15 ppb and lower should correlate to blood lead levels below the
concern level of 10 ug/dl. The Agency estimates that steady
exposure to a water lead concentration of 15 ppb would
contribute, at most, 2-3 ug/dl to a child's blood lead. Sources
of lead other than drinking water (e.g. food, air, soil, dusts)
typically contribute approximately 4-5 ug/dl to children's blood
lead. Accounting for the variability inherent
in childhood behavior, nutrition, and physiology, it is
estimated that total lead exposure, given 15 ppb in drinking
water, would result in blood lead levels below 10 ug/dl in
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:::;hly 99 fercent < vcunzy Zhiliran who are not exposed to
2xZ2esslve l2ad paint nazards or reavily ccocntaninated solls.
Tharafore, a 13 ppb cleanup level wculd grovide substantial
nealth protection for the majorizy of veoung children. Most of
<he remaining lead precblen will continue to ke contanminated

soils and old lead-painted hcusing.

In an April 10, 1883, Federal Register notice (54 ER

14315), EPA announced the availability of a guidance document and
testing protocol entitled, "Lead in School's Drinking Wwater," to
assist schools in determining the source and degree of lead
contamination in school drinking water supplies and how to remedy
such contamination. That document, which is also attached,
recommends that schools take remedial steps whenever the lead
level at any drinking water outlet exceeds 20 ppb. (’

Based on a review of these and cther studies, it is
recommended that a final cleanup level of 15 ppb for lead in
ground water usable for drinking water is protective. If water
used for drinking purposes subsequent to achieving the cleanup
goal in the aquifer may need further treatment to account for
lead contributions related to the distribution of water. through
pipes, the responsibility for this additional treatment or the
replacement of lead-bearing water pipes lies with the persons who
are using or distributing the water. A concentration of lead of
15 ppb in drinking water should generally correlate with a blood
lead level below the concern level of 10 ug/dl. In some
situations, .lower cleanup levels may be appropriate based on
site-specific factors, such as multiple pathways of exposure
caused by lead from the site.

If the remedial action will include treatment and supplying
water directly to the public for drinking water consumption,
compliance with a 15 ppb action level should be met at 90 percent
of the taps to ensure that the remedy is protective. When the
lead NPDWR is promulgated, applicable or relevant and appropriate
requirements of that rule should be met.

FUTURE GUIDANCE
After promulgation of the lead NPDWR, guidance will be
issued discussing those provisions of the rule that may be
applicable or relevant and appropriate for Superfund actions.
For further information, please contact Tish Zimmerman at
FTS 382-2461 or Neilima Senjalia at FTS 475-7027.
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The reccrmmendations in this document are intended solely as
guidance. They are not intended and cannot ke relied upon to
Ccreate any rights, substantive or prccedural, enforceable by any
party in litigation with the United States. EPA reserves the
right to act at variance with these recommendations and to
change them at any time withcut public notice.

Attachments

——

cc: Directors, Waste Management Division, Regions I, V, VII, VIII
Directors, Emerger~y and Remedial Response Division, Region

II
Directors, Hazardous Waste Management Division, Regions III,
vI, IX

Directors, Hazardous Waste Division, Region X
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APPENDIX E

INTERIM GUIDANCE ON ESTABUSHING SOIL LEAD CLEANUP
LEVELS AT SUPERFUND SITES
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; a : UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
: M;’ WASHINGTON. 0.C. 20460

OSWER Directive #91355,4-02

SUBJECT: Interim Guidance on Establishing Soil Lead Cleanup
Lavels at Superfund Sites. P /7

FROM: Henry L. longest II, Director - c%'

office of Emergency and Rni?l Response .
Bruce Diamond, Director
Office of Waste Programs Enforcement

TO: Directors, Waste Management Division, Regions I, II,
Iv, v, VII and VIII
Director, Emergency and Remedial Response Division,
Region II
Directors, Hazardous Wasts Management Division,
Regions III and VI
Director, Toxic Waste Management Division,
Region IX
Director, Hazardous Waste Division, Region X

The purpose of this directive is to set forth an interim soil
cleanup level for total lead, at 500 to 1000 ppm, which the Office
of Emergency and Remedial Response and the Office of Waste Prograss
Enforcement osmsider protactive for direct contact at residential
sattings. Tis is to be used at both Fund-lead and
Enforcemmnt-1ead sites. Purther guidance will be developed
atter the Agency has developed a verified Cancer Potency Factor
and/or a Reference Dose for lead.

Lead is commonly found at hazardous vaste sites and is a
contaminant of concern at approximately one-third of the sites on
the National Priorities List (NPL). Applicable or relevant and
appropriats requirements (ARARs) are available to provide cleanup
levels for lead in air and vater but not in soil. The current
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National Ambient Air Quality sStandard for lead is 1.5 ug/m3.
While the existing Maximum Contaminant Level (MCL) for lead is

50 ppb, the Agency has proposed lowvering the MCL for lead te 10 pg
at the tap and to 5 ppb at the treatment plant{l). A Maximum
Contaminant Level Goal (MCLG) for lead of zero was proposed in
1988(2), At the present time, there are no Agency-verified
toxicological values (Reference Dose and Cancer Potency Factor,
ie., slope factor), that can be used to perform a risk assessment
and to develop protective soil cleanup levels for lead.

Efforts are undervay by the Agency to develop a Cancer
Potency Factor (CPF) and Reference Dose (RfD), (or similar
approach), for lead. Recently, the Science Advisory Board
strongly suggested that the Human Health Assessment Group (HHAG)
of the Office of Research and Development (ORD) develop a CPF for
lead, which was designated by the Agency as a B2 carcinogen in
1988. The HHAG is in the procass of selecting studies to derive
such a level. The level and documentation package will then b
sent to the Agency's Carcinogen Risk Assessment Verification
Exercise (CRAVE) workgroup for verification. It is expected that
the cocumentation package will be sent to CRAVE by the end of
1989. The Office of Emergency and Remedial Response, the Office:
of Waste Prograss Enforcement and other Agency programs are
working with ORD in conjunction with the Office of Air Quality
Planning and Standards (OAQPS) to develop an RED, (or similar
approach), for lead. The Office of Research and Development and
CAQPS will develop a level to protact the most sensitive
populations, namely young children and pregnant women, and subnit
a documentation package to the Reference Dose workgroup for
verification. It is anticipated that the documentation package
will be available for review by tha fall of 1989.

IMPLEMENTATION

The tollovinq guidance is to be implemented for remedial
actions until further guidance can be developed based on an Age.
verified Cancer Potancy Factor and/or Reference Dose for lead.

suidance

This guidance adopts the recommendation contained in the 198S
Centers Disease Control (CDC) statement on childheood lead
poisoning(?) and is to be followed when the current or predicted
land use is residential. The CDC recommendation states that
"...lead in s0il and dust appears to be responsible for blood
lavels in children increasing abeve background levels vhen the
concentration in the soil or dust exceeds 3500 to 1000 ppm”.
Site-specific conditions may varrant the use of soil cleanup
lavels below the 500 ppa level or scasvhat above the 1000 ppm
level. The administrative record should include bac
documents on the toxicology of lead and information related to
site-specific conditions.
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The range of 500 to 1000 ppm refers to levels for total lead,
as measured by protocols developed by the Superfund Contract
Laboratory Program. Issues have been raised concerning the role’
that the bicavailability of lead in various chemical forms and
particle sizes should play in assessing the health risks posed by
exposure to lead in soil. At this time, the Agency has not

- developed a position regarding the bicavailability issue and

believes that additional information is needed to develop a
position. This guidance may be revised as additional information
becomes available regarding the bicavailability of lead in soil.

Blood-lead testing should not be used as the sole criterion
for evaluating the need for long-term remedial action at sites that
do n?g)alroady have an extensive, long-term blood-lead data
base .

EFFECTIVE DATE OF THIS GUIDANCE

This interia quidance shall take effect immediately. The’
guidance does not require that cleanup levels already entered into
Records of Decisions, prior to this date, be revised to confora -
with this guidanca.

1 In one case, a biokinetic uptake model developed by the Office
of Air Quality Planning and Standards vas used for a site-
specific risk assessment. This approach vas reviewed and
approved by Headguarters for use at the site, based on the
adequacy of data (due to continuing CDC studies conducted over
many years). These data included all children's blood-lead
levels collected over a period of several years, as vell as
fanily socioc-ecotidaic status, dietary conditions, conditions of
homes and extensive environmental lead data, also collected over
several years. This amount of data allowed the Agency to use the
nodel vithout a need for extensive default values. Use of the
nodelk thus alloved a more precise calculation of the level of
cl::::t needed to reduce risk to children based on the amount of

on from all other sources, and the effect of
contanination levels on blood-lead levels of children.

1. 53 FR 31516, August 18, 1988.

2. S3 FR 31531, August 18, 1988.

3. Preventing lLead Poisoning in Young Children, January
U.S. Departasent of Health and Human Services, Canter:
Disease Control, 99-2230.
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APPENDIX F
U.S. PRIMARY AND SECONDARY LEAD SMELTERS
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TABLE F-1. UST OF U.S. PRIMARY AND SECONDARY LEAD SMELTERS

Primary Smeiters

ASARCO
ASARCO
ASARCO

. Doe Run

Doe Run

Secondary Smeiters

ALCO Metals

East Penn Mfg.

Exide Corp.

Exide Corp.

Exide Corp.

GNSB, Inc.

GNB, inc.

GNS, Inc.

General Smelting & Refining
Gopher Smeiting & Refining
Gulf Coast Lead ‘
Interstate Lead

Master Metais

Pacific Chioride

Refined Metais

Refined Metals

Ross Metals

Roth Brothers

RSR Corp.

RSR Corp.

RSR Comp.

Sanders Lead

Schuyikill Metais
Schuytkil Metals
Standard industries
Tara Comp.

Omaha, NE
Giover, MO

E. Helena, MT~
Boss, MO
Herculaneum, MO

Los Angeles, CA

Lyon Station, PA

Reading, PA (General Battery Corp.)
Muncie, IN

Dallas, TX (Dixe Metals Corp.)
Columbus, GA

Frisco, TX

Los Angeles, CA

Cottage Grove, TN
Minneapalis, MN

Tampa, FL

Leeds, AL

Cleveland, OH

Columbus, GA

Beech Grove, IN

Memphis, TN

Rossville, TN

Syracuse, NY

Middietown, NY

Iindianapolls, IN

Los Angeles, CA

Troy, AL

Baton Rouge, LA

Cannon Hollow, MO

San Antonio, TX (Reliable Battery)
Granite Chy, IL

Source: Fox, Weinberg, and Bennett, Washington, D.C.; U.S Bureau of Mines.
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Figuse F-1. Locallon of prkmary and secondary smellers.

isherwood, of al, U.S. Bureau ol Mines,
Open File Repont 55-88, 1980.



